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SUMMARY

The objective of Task 1 was to document the compatibility of
selected synthetic liner materials with the explosives trinitro-
toluene (TNT) and cyclotrimethylenetrinitramine (RDX) and the sol-
vent trichloroethylene (TOE). The task scope covered selection of

m representative liner materials, selection of compatibility testS
procedures, and laboratory testing of the representative synthetic
lin-r materials. A total of twelve candidate synthetic liner mater-
ials were tested using the proposed National Sanitation Foundation
Synthetic Liner Waste Compatibility Test Protocol.

The liner testing involved immersion of the candidate liner
samples in test chemical solutions at 23CC and 5000 for one week
and measurement of the resulting visual, weight and volume changes
after one, three and seven days of immersion and after a subsequent
7-day drying period. The visual and weight change data were very
reproducible and provided consistent response patterns; however, the

we volume data were neither reproducible nor provided consistent response
patterns. As a result data analyses were limited to the analysis of
the visual and weight change data.

Water and temperature were found to have minimal effects on the
candidate liners either during the immersion period or subsequent to3 exposure. The effects of the explosives (TNT and RDX) on the candidate
liners were limited, with measured weight changes during immersion of
no more than two percent relative to the distilled water controls.
All of the candidate liners except HDPE had residual weight gains
(five to nine percent) subsequent to immersion in TNT; however, the
PVC liners were the only ones to show a weight change subsequent to

* immersion in RDX - a weight loss of 3.5 percent.

All of the liners were significantly affected by immersion in
TOE. Immersion in TOE saturated water resulted in weight increases
of between three and 15 percent during immersion. Immersion in water
saturated TOE dissolved the CPE and Neopene liner samples and resulted
in weight increases of between 15 and ovsr 200 percent for the other
candidate liner samples. Subsequent to immersion in water saturatd
TOE, weight losses of between 16 and 24 percent were measured for all
of the candidate liner samples except HDPE.
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CHAPTER 1

INTRODUCTION

INTRODUCTION

The purpose of this report is to present the findings and results
of a preliminary evaluation of the compatibility of synthetic liners
with solutions containing the explosives TNT (trinitrotoluene); RDX
(cyclotrimethylenetrinitramine); and the chlorinated organic sol-
vent tE (trichloroethylene). This program included the selection
of candidate synthetic membrane liner materials, the selection of liner

compatibility testing procedures, and the initial screening of the selec-
ted liner materials for compatibility with TNT, RDX and TCE.

* BACKGROUND

Until the last decade lagooning was the accepted method of disposal
of wastewaters from the manufacture of munitions. As a result, ex-
plosive compounds such as TNT and RDX are found in many of the
lagoons that have been used by the Army for this purpose. Because

these compounds have been defined as hazardous under RCRA, it may be
necessary to remove, transport or dispose of the lagoon sediments or
the residuals from the treatment of these sediments from many of the
lagoons.

It has been assumed that synthetic liners would be used in
many of these clean-up operations, but synthetic membrane liners may

* or may not be compatible with the chemical compounds found in these
sediments. Based on existing compatibility data, there was reason
to believe at the onset of this investigation that solvents such as
TCE would be deleterious to the service life of the commercially

available synthetic membrane liners. The available information on
the compatibility of synthetic liners with the explosives TNT and
RDX was limited and contradictory.

The basic steps of the present investigation were: (1) the

selection of representative liner materials; (2) the selection of a
compatibility testing procedure; and (3) the compatibility testing
of the representative liner materials. A total of twelve candidate
liner materials representing eight separate types of liners was
selected and used in the test program. The proposed liner compati-
bility testing procedure of the National Sanitation Foundation (NSF),
presented in Appendix B, was used for this investigation. This
procedure, described later in the report, has a two-step approach; a
screening test of a large number of candidate liners and chemical

*. solutions followed by more extensive testing of the liner or liners -S

9
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indicated as potentially co _Atible during the preliminary work.
This report is a synopsis of :he work effort through the initial
screening test.

OBJECTIVES

The general objective of this investigation was to identify
commercially available liners warranting further consideration for
applications in the treatment, storage, transport and disposal of
soils and sediments from munition manufacturing waste disposal
lagoons. The specific objectives were as follows:

1. Survey the synthetic membrane liner industry and determine
what types of liners are available and determine whether or
not they could be used in the intended applications.

2. Identify laboratory methods for compatibility testing of

liners and select a test methodology.

3. Prepare and conduct a laboratory test by the selected method
of the identified liners using trichloroethylene (TCE),

trinitrotoluene (TNT) and cyclotrimethylenetrinitramine
(RDX).

4. Based on the results of these tests, identify liners that
are potentially compatible with TNT, RDX and TCE.

10



CHAPTER 2

CANDIDATE LINER SELECTION

BACKGROUND

*The synthetic liner industry has a distinct three-step hierarchy,
and a knowledge of the organization and flow of goods in the industry is
necessary for the selection of the candidate liner for compatibility
testing. The three levels in the industry are:

1. Manufacture of resins;
2. Manufacture of roll goods; and
3. Fabrication of sheets

A single company may perform more than one of these functions. Some

roll good producers also fabricate sheeting or manufacture their own
resin. In general, however, the manufacturing process follows the
above sequence.

Synthetic liners are classified by the base polymer. In blends or
alloys the main polymer is used for classification. Due to the specific

formulation produced by each manufacturer, the properties of one manu-
facturer's resin may differ from the same type of resin produced by

another manufacturer. Resin manufacturers produce the raw materials
(polymers) that form the base of the membrane. To the basic polymer
(e.g., polyvinyl chloride or chlorinated polyethylene), the resin
manufacturers add compounding ingredients specific to their formulation.
Compounding ingredients include plasticizers, crosslinking (vulcanizing)
chemicals, carbon black, pigments, fillers, biocides, and antidegradents.

*The resin is sold to a roll good producer or used internally.

Roll good manufacturers use the resin to produce rolls of liner
material. The roll good manufacturer will add to the resin additional
compounding ingredients specific to his formulation and then form
this mixture into rolls of material. The material is either extruded
or calendered (rolled) into panels four to six feet wide and of varying

length. Roll goods (liners) are produced either with or without rein-
forcing. Unreinforced (unsupported) liners are calendered or extruded
in varying thicknesses. Typical thicknesses for most commercial liners
are 15, 30 and 45 mils. Thicker liners are made by plying sheets of
material. Reinforced (supported) liners can only be made by calendering.
A fabric skrim (weave) is sandwiched between two layers of the membrane

material. The normal thickness for a reinforced liner is 36 mils.

Liners are often supplied both unreinforced and reinforced, but

some liners, because of the physical properties of the unsupported
material, are sold only with reinforcement. For compatibility testing,
only unreinforced liner samples are generally used because the exposed
fabric skrim allows wicking of test fluid and because reinforcement
material changes the tensile properties (tensile strenqth, ultimate
elongation, and S-100 modulus).

11



Each manufacturer of roll goods adds compounding ingredients
for each specific formulation; therefore, the characteristics of liners
in the same class may vary from one manufacturer to another. Addition-
ally, the compatibility of different manufacturers' products may differ
with a given chemical, temperature and exposure environment. This

potential product variation for the same general type of liner makes
roll goods the logical selection for initial liner compatability testing.
During initial testing, samples from different manufacturers of each

type of liner should be evaluated to determine the similarity between
different products.

The final step in construction of most membrane liners is the
fabrication of large sheets of material. A sheet fabricator seams
rolls of liner material into large panels, often 70 to 100 feet wide
and of varying length. The length is dependent on maximum total weight
allowed for transport and for ease of installation. The panels are
made as large as practical, utilizing as many factory seams and as few
field seams as possible. Minimizing the number of field seams facili-

tates installation. Factory seams are preferable to field seams because
they are made under controlled conditions and thus are of better quality.

For high density polyethylene (HDPE), there is no production of

roll goods and subsequent factory seaming to fabricate sheets. HDPE
sheets are extruded directly at widths of 22-1/2 and 34 feet without

seams. These sheets are then seamed in the field during installation.

The seams in a liner often are the weakest point. A full scale

test program should include exposure and physical testing of both
factory and field seams. Seaming techniques vary with liner material,
fabricator and installer preference. A brief definition of the five
commonly used seaming techniques follows:

o Thermal Weld - the process of joining thermoplastic sheets by
heating areas in contact with each other to the temperature at
which fusion occurs. The process is usually aided by a con-

trolled pressure.

o Dielectric Weld - a heat weld where the heating is induced within

sheets by means of radio frequency waves.

o Extrusion Weld - a heat weld where molten membrane material is

injected into the seam. Extrusion welds are used with
HDPE liners.

o Solvent Weld - the process of joining sheets by applying a
solution of the liner compound emulsified in a solvent to areas
in contact with each other. The solvent evaporates leavinq a
homogenous weld of the liner material, usually aided by controlled
pressure.

o Adhesions - the process of joining sheets using specifically
formulated glues to form a bond or seal, usually aided by
controlled pressure.

12



LINER TYPES

Liners are classified by the main polymer utilized in their formu-
lation. Table 1 is a description of the ten liner types commercially
available today and includes each liner type's commonly used abbrevi-
ation. These liners are typically used for lining ponds and lagoons
(except for polypropylene). The composition and relative advantaqes
and disadvantages for each type of liner are also summarized in

m Table 1. 0

As noted previously, companies in the liner industry can be
classified according to the functions they perform. Table 2 is a
listing of the major companies involved in the manufacture of liners
today. There are 15 firms listed, five of which manufacture resin,
nine make roll goods, and eight of which fabricate sheets. Table 2
also indicates the dual function of some companies (i.e., roll good
producers who also manufacture resin and/or fabricate sheets). All
the companies listed in Table 2 were contacted; detailed information
on each manufacturer's products is included in Appendix A, and
Table 3 is a listing of the roll good producers (and resin manufacturers)
by type of liner.

There are three main producers of roll goods for PVC, PVC-OR,
Hypalon and CPE: Mainline; Pantasote; and B. F. Goodrich. Two resin
manufacturers supply all the raw materials for Hypalon and CPE: Dow
(CPE); and duPont (Hypalon will be made under a duPont patent until
1985). Ethylene interpolymer alloy (XR-5) is produced by only one
firm, Shelter-Rite. XR-5 is a patented formulation of Shelter-Rite
that reportedly has enhanced chemical resistance properties. EPDM is
the only rubber liner material currently produced by more than one
roll good manufacturer, namely B. F. Goodrich and Carlisle. Rubber
liner materials have been replaced in general usage by the more resis-
tant plastic formulations. A single producer of polypropylene is
included: General Tire using Hercules resin. Polypropylene is currently
in the developmental stage for use in lining lagoons. It is widely
used in tank lining because of its chemical resistance properties;
however, it is not a feasible alternative for lining lagoons today.

Table 4 is a summary of compatibility data solicited from roll
good producers and sheet fabricators for the test chemicals. The
compatibility of liners with the test chemicals is listed in Table 4
as unknown, not recommended or good. There is practically no manufacturer
information on compatibilities for TNT and RDX. Only one manufacturer,
Stevens, had data on TNT; their compatibility guide listed Hypalon as
good for containment of TNT. Generally the solvent TCE is incompatible
with synthetic liners. TCE is used with many liners as a surface
preparation before field seaming to clean and make the seam area tacky.
Table 4 also lists available thicknesses of the liner materials. For
testing purposes a common thickness should be used so that a uniform
"production grade" sample is used. The most common minimum thickness
is 30 mils.

13
: A



0 sr.2 n0
$4*-4V

110 '41 02 2 .4
>1 4) U9 0 0 0

.0 0 .20 C..4*-4 m2 > 4)
42 J 2) V N0V

6l -4 02H '0 0 Vd c4 V2
.0 N 0 0 9' IVO ro 00)2) r

E4- 4)> 00 M4 0.V

>902C)V54 444 2 rO0 ~0 C ) W4J04)

> 0 z 0 O
4

.24> ) 04 W 0V0
.1.2 25C)0>i 1:j- .Ci)

0o 0 C0( 0 0 o 0 000

>4C.U 4 0U )w )v
5.' 2 1 4 I 0 r-4 UrI04

A 2 4-4 02 *3dN - 1w 4S - 4-
17 $4 W 0 V -402)toVW0- 63

0. 02 0. 0

V V V 02 -4 V

E-44 .0 0*- *.02 4
2 co V C 0

Cl) 0~0 4)0Vu

0 2 0 .00 02
V) V. 0 >1 41 4J .0

Z l540 4) 024 *0 k.4 0

H V 4).02c V Q)5' C )
(aC 04 0) C)k0 0 V 0

0 C1 0 02V 4 J4 ( -
0) 0) -4 00 4 )2 ) ) 4 - 0

02 -4 M- r2-40 C v (a0

4)' Vd 4) (D t w ( C: 4) 02W
V 0 V 00 0V 4W0 >4 j .,

.4 4) 4)0 4) *.s.' V) 1-4 (a 4) c w m '

02 0 0 V 0 0 0 2 02 0 0

U~~~~~~4 '00004 2~~4' 2~0

01

E- 02t )
H f.44 -4).14 - d

H0 >0 * 0

to 0 04 IV ti *.4 4 >4400
H .- 4 0 ,.4 S.' -4 -40

0 . - 021 00N0- 0 -4
H-4 0 d q(0 -44) c t

C) 0 0 .020 44 f)L L)..
0 0- M> 3 C4 I

0.' 5. 02021.'04-40
0 002. 4j 4 -

U~ >90.> C*> 0
-- l 00- U41

002.SW w.-4

0 >1 w0 0A 02 0A. 4

14)



,4 2

'0 1 4. a)

0~ ~ ~ iv Vl 4 ) 4 ) :
Ml -444*, w4 -4- (A t U t

$j ~ V' r.)- 4.) ON0' 0 w V (a 0 -4 0
V2 -1 C 0~ .2 $4 41-r 0 0 Q.1J & 0tu U

U) ~ ~ ~ ~ ~ ~ ~ ~ D -. 1d 1 44. :0 w xU.4 4

0 > N ra m* 4)0VCo 4 ) 4 -) c -

Sl 0 -4 .,4 4 04- - 404J O 4J U)
0 0 9w W4) c > : s (a ~ (aCI 4~ )0~
w m 0v ~ .0 - 4 wU- u- 4)UZL. 0 0 4.lG)0V4

0 :4 0 0 0a 0 0 00

0 o 0I 0 44 > 4

41~ $4' (a . 0 D 14 4 'U)N .
(a) 02 0~ *.EV -V-- 4wa

cn ~ ~ ~ ~ - V rr 4d j-4 0 4- 1t
. ? c 0 rqt 'U u4 '

CD) 2) to
Cl$)0 t~ -1 (d 4)C -U. 4~ 4 -A U4ItW A a 0

rz) V 4.*.4 KU o- 40 4 ) W wC 4 0 -4 W1
z 0V W V~ to~ 0 CV 4W 44 )V 44000>

z 4.0E > t $4- cn w CJ-) V > 0 >En

0 0'U0 00.04 00 00 00

41 ~ ~~~~ 00 C~*4nC~ .

N ) 0'U 0 r)~ 4i 54 .0

w WV w0~ 1i (o C -i
04VU '. '.4 4. OW VV4)

rz(0J-. ' 4 4 0 *4 N-
V -4i)tn -4 -14'U V*- C 0

z $ V4 0 4'0) *-4 W 0 4O V U
-4'U f 00 00 C >. -4 $4

o oo 0 0tl 0044 0o 0 0

004

H 0 o -
c )I 0L-4 04 $ V

AU w) 4 -aI V 4.0 t
V V a V ~ (C .0 to-'U ))L )4

WC V. -AC0 -4A 0C
0~~~~~ .4 044C0o 2O' VJr 4 *E.V-0 -

0 0 0' Q 0 0O

a: H V 0.-4 0.1 VtU
V 41C 0 -4 r.

C ~ d C) 0 0 (v .1 'AIV0J' V
'-4 'C O- 20) . r4Jc

4)( C0> C.4 V 4)(d * -4 -4aC
04 0 C) V ,-40

1-444 c (a(d -0
cn 0 9 0 uV -4'00Aif

Q) 44O a. V- >d .4-
0 c 0 >4 ~ ~C 00-40o

04~0 4 0( V () r'J0E 6

E-4

04
0

V -'-4
E-l W >

Q44 0
0 N 0 -C0 >40

15



0) U)l 4)1

40024 *.4 Ni ()a

t u. 0 .,1 4 0)1 .4 4 3 4 X4 024 w2

io to 0 0 -,

02 • .4,4CC S

04) . 0 Z )4 j 04
'u w 3 414)r_ t 04.

• ,. 0 X -it-,-) 4) 4 ' )> 4'd)4 >.- V 434'1
In 41 N I -4 8 0 c c

s-* '. m o m 0~ 4' 20 0

PC .0 0 I jc) ) 4 0 1a2 41 0 U)r42H 4'o 0 ,q -44) 04,) - d 0 4)0"4(n L C) 41'4 .) 4) U -A 0 4 1 C 4) c--
4) V a f 4 1i-4 ".4 4J' r 0I44 i -4 4'04 31 m V 4t" 4) v'N to H 4jz 444) 0 00 Q 4j -A-40-

4-4
0 C-)

0 0 0 0 0 0 0Z4 C) 4U2

U om

'44 a)
0 44 44

m. LO) 02) 0

•4 1-4 -4- o,

(n Vv to 43) > 0 0ON
r. C 4) U w 4 44 r-14>1 If 0 .1 * 4) w ..4z c a .14 2c4' 02 ) >, .

' 2 4) > 4 0'02 0.-4 44)
-- Q 4 4) U ON -4 E-4

0 C w0 c 0z Vm 44 > c >. 4') (D rc

) it 4) v $ (a 3V
C -A 4 - o202 2, C 0 E~ .
•M9 0. 04W 00 00 2 M
0 zo4 .4 V u0 w 04'
- C)0 0 4' v4 41 4) L)1In W r. C*.4. 4 0.424 c4 w C 3t _4 4)04)C)4) 41.-4 IV -44) 40 0 4)0 41 021-4 V M0 V 0 41 41 .4 L)-4 41 -4 0

I3V -4 >~ ~ 4'aV-4
0 "00 0 2 0' 2 C) 44o4 -44 8 4)00 4) 43)04 (0C4)C. cz0 8 ~ uo Cr

4 )0o0 0 0 0 00 0 0 0 0 0 IV -
02) 44. A.)

0 0 (0a
4- C)"0 4' -40OC -4 $4443
A4 "-,4 1 0 0 >H 4V m, w4z

.-. 4 04 -

4j 4' 43 u)
.1-4 w

r.C 0 4))4
130 4) tv 0 >0

-, M -4"4 w0U) 2
0 m V4 t44)V H 4-)4 C 04)

H 4 00 * 0 4
m 4 V 43 0UV 04 u4. *-4 0 >-4 -4 A )4

-,1 0 $ 0 w -.0C
- r-.)>-4 4) 4.4 04 0-4 44)2n (a .43 024 0 $4

be 4)

W V4

4'r-4

>4 -A ,4- 4) 0
p, 02C V 0 0
>1 0 >1 4--0 4

-4-4 -4 ~ C A4-4 r44:.44 Cr40 0
04 U)

16



TABLE 2. MANUFACTURERS OF LINERS

CLASSIFICATION

Resin Roll Goods Sheet
a MANUFACTURER Manufacturer Producer Fabricator

Carlisle X X

Dow X

duPont X

General Tire x

B. F. Goodrich X X X

Gundle X X

Hercules X

Mainline X

Palco X

Pantasote X

Schlegel X X X

Shelter-Rite X X

Staff X

Stevens X

Watersaver x

Source: Telephone interviews and product brochures
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TABLE 3. LINER TYPES AND MAJOR MANUFACTURERS

ROLL GOOD

TYPE PRODUCER RESIN

B. F. Goodrich B. F. Goodrich
PVC Mainline B. F. Goodrich

Pantasote Pantasote

B. F. Goodrich B. F. Goodrich
PVC-OR Mainline B. F. Goodrich

Pantasote Pantasote

Stevens duPont
Hypalon Pantasote duPont
(CSPE) B. F. Goodrich duPont

Mainline Dow

CPE Pantasote Dow
B. F. Goodrich Dow

RDPE Schlegel Schlegel
Gundle Phillips

Ethylene Shelter-Rite Hooker, Ferro
interpolymer
alloy

EPDM Carlisle Proprietary

B. F. Goodrich

Butyl Carlisle Proprietary

Neoprene Carlisle duPont

Polypropylene General Tire Hercules

SOURCE: Telephone interviews and product brochures
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Table 5 is a summary of the results of a computer data base search j
performed by the Plastics Technical Evaluation Center (PLASTEC) of the

United States Army Armament Research and Development Command (ARRADCOM),
Picatinny Arsenal. The PLASTEC data base is a compilation of studies
of the compatibility of chemicals, primarily energetics, with plastic
materials. Results of each study are listed by PLASTEC as being either
compatible, Marginally Compatible, or Incompatible. There were no
data for TCE compatibility with the candidate liner types and data for
TNT and RDX were limited to PVC, Hypalon, HDPE, EPDM, and Neoprene.
For TNT, Hypalon and HDPE were noted in the studies as compatible;

however, as noted in Table 5, the studies had conflicting compatibility
results for TNT with PVC, EPDM, and Neoprene. For RDX, EPDM and

Neoprene were noted as compatible while the studies had conflicting
data for PVC and HDPE with RDX.

Table 6 is a listing of the sheet fabricators utilizing the roll
good manufacturer's product. Included are the types of factory seam
that each fabricator uses and the field seams that are recommended;
seaming is similar among fabricators. The widths of the finished

sheet, similar among fabricators, are also listed.

LINER SELECTIONS

From the general information on liners and the available compati-
bility data, six types of liners were selected for testing. Table 7
is a summary of these liner types and the associated roll good producers.
Polypropylene was eliminated since it is currently only developmental
for the lining industry. Although polypropylene does have good chemical
resistance, it is only produced in 4-foot by 8-foot sheets which are
an impractical size for lagoon lining.
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j

* S
TABLE 5. PLASTEC COMPATIBILITY DATA SEARCH RESULTS

LINER Chemical
TYPE TCE TNT RDX SU

PVC No data Conflicting data Conflicting data

PVC-OR No data No data No data

CPE No data No data No data

Hypalon No data Compatible No data

HDPE No data Compatible Conflicting data

* XR-5 No data No data No data

EPDM No data Conflicting data Compatible

Neoprene No data Conflicting data Compatible

SOURCE: PLASTEC, "A Compatibility Data Search, Plastic Materials vs.

Energetics", 3 June 1982, ARRADCOM, Picatinny Arsenal
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TABLE 7. PRELIMINARY LINER SELECTION

TYPE ROLL GOOD PRODUCER

B. F. Goodrich
PVC Mainline

Pantasote

B. F. Goodrich
PVC-OR Mainline

Pantasote

B. F. Goodrich
CPE Mainline

Pantasote

Stevens
Hypalon Pantasote

B. F. Goodrich

HDPE Schlegel
Gundle

Ethylene interpolymer alloy Shelter-Rite
(XR-5)

EPDM Carlisle

B. F. Goodrich

Neoprene Carlisle
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CHAPTER 3

SELECTION OF TEST METHOD

Even when a polymeric liner has been properly installed, a
failure of the liner can result from loss of liner integrity due to

U weathering or incompatibility of the liner with the chemical com-
ponents of a waste. The selection of an appropriate liner must
therefore focus on the degree to which the candidate liner can main-
tain its integrity over the projected life of the containment facil-
ity. Because liner performance data are limited, selections should
be based in part on the results of exposure testing that simulates

projected conditions.

An exposure test should be designed ideally as an accurate
model of the intended application. The test should yield sufficient

data that the results can be projected over the anticipated life
of the facility, and the results should be useful for prediction of
actual field performance. Unfortunately, because of the large number
of variables that can affect liner integrity and the limited field
data available on liner performance, no such liner exposure test has
been developed. As a result, it is necessary to utilize a test pro-

cedure that best reflects a projected exposure condition and long-term
liner performance. Moreover, the test procedure should be based

upon accepted methods and have sufficient definition and control of
test variables for reproducibility of results and comparison with
results from other tests.

EXISTING METHODS
U

Liner Exposure Methods

Liner compatibility testing procedures focus on the method used
to expose the liner samples to the test waste. Standard procedures

for exposing liner samples to test wastes are only now being developed.

N - As a result, a wide variety of exposure methods and test variables
are presently being used. A majority of the liner exposure methods
that have been used are adaptations of the American Society for

Testing and Materials (ASTM) Method D-471 (Rubber Property Effect
of Liquids), and ASTM Method D-543 (Resistance of Plastics to Chemical

Reagents). These immersion tests, which are summarized in Table 8,
have been used for both initial and long-term evaluation of liner
compatibility.

In these immersion tests, specimens of a liner are immersed in
the test waste and, after given exposure times, the liner specimens are
removed and the changes in weight, dimensions and tensile properties
are determined. Most immersion tests use the same immersion pro-
cedure; however, the test temperature, duration and evaluation criteria
differ.
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AI

Except for the test used by Haxo, all the immersion tests are
run at both ambient (230C) and elevated temperatures. The elevated
temperature is intended to simulate adverse conditions and to accelerate
any deleterious effects that the waste may have on the liner. However,
there is no concensus as to what this elevated temperature should be.

As a result, the elevated test temperatures vary from 500C to 100 0C
for the identified tests. The ASTM methods recommend exposure of

materials at higher temperatures if elevated temperatures are expected

in service.

Each immersion test uses a different test duration. The exposure
period for long-term tests tends to vary from one to four months;
however, Haxo and Exxon have used exposure periods of one year or
longer. In all cases liner specimens are tested several times during
the test so that the effect of the waste on the liner can be determined
as a function of time. This procedure allows one to determine if the
liner stabilizes after a given length of time.

Finally, there are no consistent criteria for evaluating the test

results, specifically with respect to what degree of change is accept-
able. For example, Schlegel uses compatibility criteria of no more
than 3-percent change in weight and 10-percent change in tensile
properties, while J. P. Stevens will allow a change of approximately

20-nercent in analysis properties (assuming that the analysis results
have stabilized).

In addition to immersion tests, a number of other exposure
methods have been developed and used in attempts to more closely simu-
late actual field conditions. These additional tests are listed in
Table 9 and can be characterized as landfill simulation, weathering
and permeability tests.

Landfill simulators permit the liner to be exposed to a stratified
or solid waste and to a hydraulic head. Landfill simulators have been
used by Styron and Fry and by Haxo for long-term, research-oriented
studies of one year and roughly three years, respectively. By their
nature, landfill simulators do not permit temperature to be controlled
and intermediate assessments of replicate systems are expensive.

Weathering tests are used to address what combined effect a waste
and climatic variations has on a liner. J. P. Stevens uses a heat
lamp on a laboratory scale to simulate the effect of waste stratifi-
cation and ultra-violet light on a liner. On a larger scale Haxo has

used lined outdoor waste tanks and an exposure period of four years
to evaluate weathering effects, and DSET Laboratories has developed a
patented, ASTM-approved, accelerated weathering test (which does not
include exposure to waste).

The only membrane liner waste permeability test reported in the
literature was a pouch test used by Haxo. In this test, waste was

sealed in a pouch made of a liner specimen and the pouch was immersed
in de-ionized water. The flows of ions and water across the liner
were then monitored.
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Liner Analysis Methods

Liner analysis methods are protocols used to monitor the changes
in the liner specimen as a result of exposure to the waste. Analysis

procedures involve visual inspections and measurements such as the
weight and dimensions, tensile properties, plasticizer content and

permeability of the liner specimen. These analyses focus on monitor-

ing the stability of the liner material when exposed to the waste.

Visual analyses are used to provide an initial indication of any
degradation of the liner sample that has resulted from exposure to
the waste. After exposure the liner is examined for blistering,
loss of surface gloss, tackiness, swelling, crazing, bubbling, crack-
ing, softening or decomposition. As a basis for these observations,

the definitions in ASTM D-883 (Terms Related to Plastics) are used.

Weight and dimension changes are used to determine the degree of
waste absorption by the liner (the uptake of soluble constituents
by the liner) or the removal of soluble constituents from the liner
by the waste. Waste absorption (weight gain and swelling) by the

liner indicates that the liner polymer is soluble in the wastes and
leads to a loss of tensile properties and softening of the liner.
The removal of soluble constituents (loss of weight and shrinkage)
from the liner is indicative of loss of plasticizer from the liner

and results in a hardening and embrittlement of the liner (Haxo 1982).

Measurement of the tensile properties of the liner specimen is
used as a direct indicator of the effect of the waste on the liner
specimen. Such measurements permit the effect of waste absorption,
removal of soluble constituents or changes in seam strength to be
quantified after exposure. Tests used to monitor these changes
include: tensile strength - the stress at failure; ultimate elonga-
tion - the elongation at failure; and the S-100 modulus - the stress
at 100 percent elongation. In addition to these three tensile tests,
the National Sanitation Foundation (NSF), in their proposed testing

criteria, suggests that tear strength also be measured.

While the above tests have been used by many researchers, Haxo
has also used the volatile loss and extractibles content of the
liner to determine the loss of plasticizer from the liner, and has

proposed using measurement of membrane permeability as a compatability
test. Volatile loss and extractibles are modified ASTM analyses which
provide a means to identify the relative degrees of waste absorption
and plasticizer loss, factors which cannot be isolated just by
measurement of weight change. Although permeability is assumed not
to be a critical parameter in evaluating liners (NSF), Haxo has
also proposed using water vapor transmission and gas transmission to
measure relative liner permeability.
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TEST METHOD EVALUATION

Liner Exposure

Of the identified liner/waste exposure methods, only immersion

tests and landfill simulator tests have been used extensively.
Although weathering can have a significant effect on long-term liner
integrity, its impact is highly site-specific and difficult to simu-

late. Only the DSET Laboratories test is a fully documented and
ASTM approved procedure for measuring the effect of weathering, but
it is only applicable to the simulation of weather effects and cannot
be used to measure waste effects. Because of the inherent impermea-
bility of polymeric liners, permeability is not considered to be a
meaningful evaluation criteria (NSF). Additionally, no direct
permeability test procedure is available. There are insufficient
data on the pouch test developed by Haxo to define what is measured
by this procedure or its significance. Even though landfill simulators
are designed so that leachate can be collected, permeability data

from landfill simulators have yet to be published.

Immersion Tests

Immersion testing is the only widely-used procedure for deter-
mining the compatibility of polymeric liners with a test waste
solution. This procedure evolved from standard ASTM test procedures
for determining the compatibility of plastics and rubber with chemicals.

A standard test protocol for liner compatibility with wastes has
been recently proposed by the NSF. In addition to wide acceptance,

the key advantages of immersion tests are the ability to fully define
test parameters, limited exposure time and conclusive results. The
key disadvantages are field conditions cannnot be fully simulated
and solid or semi-solid wastes are difficult to test.

Because liner samples are exposed by immersing them in a test
"" solution containing the waste, the area, equipment and waste quantity

needed for immersion tests are small. As a result, it is feasible to
expose multiple samples of a liner to a large number of variables

such as waste concentration, exposure time, waste temperature and

seam type.

Although exposure times of up to one year have been used for
immersion tests, periods of one to four months are commonly used
because any loss in liner integrity resulting from chemical attack
generally occurs within a short exposure time. Based on the compati-

bility data published by Exxon, the loss of integrity typically
occurs within a month with concentrated chemicals. Additionally,
accelerated exposure testing by increasing the temperature of the
waste is used in both the initial ASTM procedures and in the proposed
NSF test protocol.
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Immersion tests, although widely used, have not been useful for
simulation of actual field conditions. In particular, the interface
between the waste and atmosphere cannot be duplicated and the effect
of waste concentration gradients on the liner cannot be investigated.
As a result, some concern has been raised as to the degree that
immersion test results can be projected to actual use. A second key

disadvantage of immersion testing is the difficulty of using solid
or semi-solid waste. Procedures for conducting immersion tests with
solids or semi-solids have not been standardized and it is unclear
how well the test procedure can be adapted to solids; however,
there is an ASTM procedure for soil burial of liners and a similar
procedure has been used by Haxo in his research.

Landfill Simulator Tests

Landfill simulation tests attempt to simulate more closely actual
field conditions and, as a result, to reflect more closely the actual

effect of a waste on a liner. To date only a limited number of land-
fill simulator tests have been performed and a standardized or widely
accepted landfill simulator procedure has not been developed. The
key advantages of landfill simulator tests are the capabilities to
simulate more closely field conditions and to use waste in a solid
or semi-solid state. The disadvantages are that these units lack
flexibility, are expensive and the validity of the results has not

been demonstrated.

Unlike immersion tests where the liner specimens are simply sus-
pended in a test waste solution, the liner specimen serves as the

base of a simulated landfill in a landfill simulator. Factors such as
exposure of the liner to a waste concentration gradient, a hydraulic
head, and single side exposure can be simulated. It is assumed that
such test results will more accurately reflect the interactions
between the waste and the liner that occur in actual use and, thus,
result in better predictions of long-term liner performance.

Because landfill simulators are constructed as tanks or columns
with the liner specimen located at the base, the liner can be exposed
to a solid waste without any special modification of the test procedure.
Thus, test results from solids exposure should be comparable directly
to liquid exposure results.

Although landfill simulators may better simulate actual field con-
ditions, the volumes of material and waste required are large.
Thus, fewer data points can be obtained and test variables are more
difficult to control. Because each liner specimen must be installed
in an individual test cell, a large number of test cells and large
volumes of waste are required for a large scale test. As a result,
fewer duplicate samples can be run and fewer variables investigated.
Because only one side of the liner is exposed to the waste, longer

exposure periods are required. In previous tests, exposure periods
have been one year or greater. As a result, much less test data can
be obtained within a given time and budget.
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Of greater concern is the significance of the test results.
Landfill simulators are still only an approximate model of actual
service conditions. No standardized procedure has been developed
and, until more field data are available, it will not be known how well
landfill simulators actually reflect field conditions. Additionally,
because of their size and long exposure times, it is difficult to

closely control individual test variables during the test and, as
indicated, fewer samples and variables can be run.

Liner Analysis

Unlike exposure methods where a number of alternative procedures
have been used, most researchers have used the same ASTM analysis pro-

cedures in measuring the effect of waste exposure on liner integrity.
The major difference between researchers is the number of analyses
performed. However, there is no agreement on how the results relate
to liner performance in the field. All the ASTM test procedures con-
tain the qualification that results are relative and expected perform-
ance should also be based on past experience. As a result, interpre-

tation of results vary; specifically, the degree of change that can be
tolerated from the original physical properties of the liner material.

RECOMMENDED TEST PROCEDURES

The proposed NSF Test Protocol (Appendix B) was selected for the
liner compatibility testing with explosives and solvents. The NSF

test has been proposed by the National Sanitation Foundation Joint
Committee in their Draft Final Standards for Flexible Membrane Liners.
The committee is composed of representatives of manufacturers, regulatory
agencies, and users of liners. The standards represent a compilation
of the views and ideas of many of the leading authorities on liners.

UImmersion tests are the most widely used exposure method for liner
compatibility studies and the only exposure method for which there is a
standard procedure based on ASTM test methods. Immersion tests permit
a large number of data points to be compiled, require a limited exposure
period and permit close control over test conditions. The major drawback
of immersion tests for the planned testing is the lack of past experience
with the use of solid waste rather than a liquid waste; however, it
would appear that immersion testing with solid waste would be feasible.

The use of landfill simulator tests was rejected because of
high cost, limited data yield and limited past use. While landfill
simulator tests appear to better simulate field conditions, their
predictive ability has not been verified. At this point, landfill
simulator tests appear more appropriate to research studies than to

compatibility testing.

Liner analysis methods should follow past experience and address
visual and physical changes and changes in the structural properties of

the liner. Although not generally performed in the past, the testing

should also address seam strength.
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CHAPTER 4

PROCEDURES

-The NSF screening test was conducted using samples of 12 synthetic
membrane liners in solutions containing TNT, RDX and TCE. The ex-
perimental design, equipment, test procedures, data collection and
reduction and critical observations on the test protocol are presented

*in this chapter.

EXPERIMENTAL DESIGN

The exposure test matrix used for each of the 12 liner materials
is presented in Table 10. A listing of the 12 liners is given in
Table 11. Five test environments were evaluated at either one or
two temperatures (230C and 500C). These test environments included
air (unexposed) and distilled water controls as well as the TNT, RDX
and TCE test solutions. TNT and RDX were evaluated only at 500 C due
to their relative insolubility at 230 C. Water saturated TCE, however,
was evaluated only at 230 C because of its volatility. The test
matrix contained 11 combinations of environment and temperature for

I each of the 12 liners, or a total of 132 elements. As further described S
below, each element of the matrix consisted of an immersion jar
containing three replicate samples. Weight and volume measurements
were made and the visual appearance recorded for each replicate
prior to exposure after one, three and seven days of exposure and

after seven days of air drying subsequent to the exposure. Thus,
weight, volume and appearance were recorded on five occasions over a
14-day test period for each of three replicates in the 132 immersions

used in the experiment.

EQUIPMENT

Samples

Each of the roll good producers was asked to provide 30-mil
(0.030-in) samples cut to a 1-inch by 3-inch size for the test program.

All manufacturers, except Schlegel, accommodated this request. Schlegel
provided HDPE samples in a 60-mil (0.060-inch) thickness, the minimum

that it manufactures. The pre-cut samples received from some of the
manufacturers were not uniform and required trimming before use.
Subsequent submissions of sample materials were requested in an
uncut form. Test samples were stamped out with a 1-inch by 3-inch
precision ASTM die.
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TABLE 10. EXPERIMENTAL CONDITIONS FOR SCREENING TESTS

No. Environment Temperature Test Solution

1. Air blank 230C Unexposed

2. Air blank 500C Unexposed

3. Water blank 230C Distilled water

4. Water blank 500C Distilled water

5. TNT 500 C TNT-saturated water

6. RDX 500 C RDX-saturated water

7. TCE 230 C 100 mg/l aqueous solution

8. TCE 230 C TCE-saturated water

9. TCE 230 C Water-saturated TCE

10. TCE 500 C 100 mg/l aqueous solution

11. TCE 500 C TCE-saturated water
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TABLE 11. LINERS USED FOR INITIAL EXPOSURE TESTING

i TYPE ROLL GOOD PRODUCER

PVC Mainline (Palco)I

Pantasote

PVC-OR Mainline (Palco)'

Pantasote

CPE Mainline (Palco)'
Pantasote

Hypalon Stevens
Pantasote

HDPE Schlegel

Ethylene Inter-
polymer Alloy Shelter-Ritt

EPDM Carlisle

Neoprene Carlisle

1 Mainline supplies roll goods exclusively to Palco, a sheet
fabricator. Palco was the supplier of test samples and are
the listed manufacturer in the remainder of this report.
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Immersion Jars

Wide mouth one-quart jars were used for immersing the samples
at 230C and 500 C. The immersion jar is shown in Figure 1.

Three replicate 1-inch by 3-inch liner samples were suspended in
each jar. These containers nominally provided 55 ml of solution

per square inch of material; the NSF test procedure requires a
minimum of 40 ml of solution per square inch. The shape of the
quart jars proved to be well suited because the wide mouth permitted easy
insertion and removal of the strips and its size allowed the samples
to be suspended freely. Also, the jars were easily sealed with
standard lids. The lids, with separate inserts and rims, further
sirolified suspendinq the samples.

The liner samples were suspended in the immersion jars with 22-
gauge nickel-chromium wire and were labeled with numbered aluminum

tags. The nickel-chromium wires and the tag attached to each sample
weighed 0.373 + 0.05 gin. The samples were weighted initially with

zinc-coated carbon steel nuts (7 + 0.2 gin). These nuts were later
replaced with stainless steel nuts of the same weight.

Reagents

The candidate liner samples were immersed in solutions of TCE, TNT
and RDX. The TCE was Curtis Matheson Scientific, Inc. purified grade;
the TNT, Eastman Kodak, practical grade; and the RDX supplied by USATHAMA
was Type II Class A production run.

Equipment

Volume measurements were made using calipers (Mitutoyo No. 505-625)
for length and width and a spring-loaded dial bench gauge (Starrett
No. 25-131) for thickness. Weight measurements were made with a
Mettler H10 balance.

The 500C tests were performed in a Blue M Electric Company "Power
Matic 60" oven. The oven was maintained at a constant 50 0 C + 20C
throughout the immersion period. Samples were cut with a 1-inch x 3
inch precision die (manufactured to ASTM specifications) produced by
Custom Scientific Instruments, Inc.

PROC EDURES

Setup

t The three replicate samples in each yar were susp-ried from the lii
with hooks made of 22-gauge nickel-chromkim wire. A hanger with three

loops was made with this same material arri was attached to each lid.
The liner samples were hooked to the han,;er as shown in Figure 1.
The samples were weighed and measured both initially and during testinq
with the hooks in place. To prevent curl and contact with the other
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FIGURE 1

TYPICAL LINER SAMPLE IMMERSION JAR

22 GAUGE
NICKEL-CHROMIUM

1 x 3-inch
*SAMPLE, TYPICAL-,_

SAMPLE NUMBER,

CONTAINER

7-gram NU

(WEIGHT), TYPICAL
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strips, each sample was weighted with a nut using a second hook. The

nut was removed from the bottom hook for weighing and measuring.
Initially, zinc-coated steel nuts were used. These corroded severely
during the elevated temperature immersions and were replaced with
stainless steel nuts.

The three replicate samples in each immersion jar were handled

together throughout the 14-day test period (seven days of immersion
followed by seven days of air drying). The jars were labeled so as to
identify the liner type, solution and jar number. Individual samples
were labeled with a numbered aluminum tag attached to the bottom nickel-
chromium hook. The tag number was used as identification on the data
sheets.

Solutions

The test solutions were as follows:

(1) Unexposed - control, exposed only to the atmosphere

(2) Water Blank - distilled water control

(3) TCE-saturated water - distilled water and TCE were mixed

in a separatory funnel. The excess TCE was drained and
the water saturated with TCE drained into the immersion jars.
Excess TCE was then poured into each jar (TCE has a density
of 1.46 gm/cc and thus remained at the bottom of the jar)
to maintain saturation conditions. The excess was checked
daily and additional TCE added if necessary.

(4) Water-saturated TCE - TCE and distilled water were mixed

in a separatory funnel. The TCE was then drained into the
immersion jars. Excess water was added to each jar forming
an aqueous layer above the highest point of the liner
strips. The water layer over the water-saturated TCE
served to minimize the release of TCE vapor.

(5) TCE, 100 mg/l aqueous solution - This solution was pre-
pared by adding 56 microliters of TCE to 800 ml of water
in the immersion jar. The solution was mixed before
adding the samples.

(6) TNT-saturated water - TNT-saturated water was prepared
by adding TNT crystals in excess of the solubility limit

to distilled water. The presence of TNT crystals was
checked daily and additional crystals were added if
necessary. At 500 C, the saturation concentration of TNT
in aqueous solution is approximately 450 mg/l.

(7) RDX-saturated water - RDX-saturated water was prepared by
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adding RDX crystals in excess of the solubility limit to

distilled water. The presence of RDX crystals was checked
daily and additional crystals added if necessary. At 500C,
the saturation concentration of RDX in aqueous solution is

approximately 450 mg/l.

Immersion Procedure

The samples were exposed to air at room temperature prior to start
of the experiments. Initial weight and volume measurements were made
no more than four hours before immersion in accordance with the NSF

proposed method. All three replicate samples were removed from the
jars at the same time for measurement. The samples were then indi-
vidually blotted, dipped in acetone and wiped dry prior to weighing.
During the drying and weighing, the samples were handled with forceps.
The weighing was conducted as rapidly as possible to avoid the loss

of volatile components from the liner.

After weighing, the length of the samples was measured at two
points and the width and thickness at three. During the length and
width measurements the sample was held flat on a desk surface and

care was taken to avoid flexing the sample. The samples were then
returned to the test solutions.

The rims of the lids of the immersion jars tested at 230C were
tightened snug. The rims of the cells containing TCE in 100 mg/l
solutions at 500C were left loose, and no rims were used in the
experiments with the other solutions at 500 C. This procedure was

used to preclude the buildup of pressure in the cells, a precaution
that proved to be unnecessary and is not recommeded for future tests.
After the 7-day exposure period, each immersion jar was emptied and

dried. The liner samples were then resuspended in the same jars
with weights replaced for the air drying period. The lids were

removed for the 7-day air drying period.

DATA COLLECTION/REDUCTION

The forms used for data collection and reduction are presented in

Appendix E. The jar number and the start date were used to identify

the data sheets. Each sample was tracked by its individual sample
number from the aluminum tag. Raw data were recorded on the Data

Sheet (E-l).

The dimension measurements were averaged and entered with the
weights on the Data Summary Sheet (E-2). The volume of each sample

was calculated using averaged measurements for each dimension and
then entered on the data summary sheet.

t The results of the data reduction are contained on the Test
Result Sheets (E-3). Three critical parameters were defined for

assessing liner compatibility. They were:
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o Weight change during immersion - the difference between
initial sample weight and sample weight just after removal from
the immersion jar following 1, 3, and 7 days of immersion;
indicative of what would happen to a liner under continuous
exposure to a test solution.

o Dried weight change - the difference between initial sample
weight and sample weight after the 7-day drying period; a measure
of the loss of liner components or gain of insoluble chemicals

in the waste.

o Absorbance - the difference between the 7-day immersed weight
and the weight after the 7-day drying period; a measure of the
tendency of the liner to take up fluid during the immersion
cycle which also takes into account the parallel loss of

components.

Two additional parameters were calculated based upon volume changes
and were reported on the Test Result Sheet (E-3). These parameters were
volume change during immersion and sweil. The volume change during
immersion is the difference between initial sample volume and the sample
volume after 1, 3, and 7 days of immersion. The swell is the difference
between the 7-day immersed volume and the volume after the 7 day drying
period. As the volume parameters did not yield the same consistent
pattern of results that was obtained from the weight and absorbance
parameters, the volume parameters were computed but not used in sub-
sequent interpretations.

The weight and volume changes during immersion were calculated
as follows:

% weight change = (Wt - W' ) x 100 (1)
Wo

where: Wt = weight (gm) after exposure time for immersion times of
of 1, 3 and 7 days and for the final weight change after
the subsequent 7 days of air drying.

WO = initial weight (gim)

% volume change = (Vt - VO) x 100 (2)
Vo

where: Vt = volume (cubic inches) after exposure time for immersion
times of 1, 3 and 7 days and for the final volume after

the subsequent 7 days of air drying.

Vo  = initial volume (cubic inches)

The dried weight change, absorbance and swell were calculated as
follows:
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% dried weight change = (W-W,) x 100 (3)
WOwhere: Wd = weight (gin) after 7 days of drying

Wo = initial weight (gm)

% absorbance = (w7 - Wd ) x 100 (4)
wo

where: W7 = weight (gin) after 7 days of immersion
Wd = weight (gm) after 7 days of air drying
Wo  = initial weight (gm)

% swell = VD  X 100 (5)
Vo

where: V7  = volume (cubic inches) after 7 days of immersion

Vd = volume (cubic inches) after 7 days of air drying
Vo  = initial volume (cubic inc.,'s)

OBSERVATIONS ON PROCEDURE

The proposed NSF liner compatibility test procedure was straight-
forward and no major problems were encountered during the testing period.
The procedure permitted the screening of the 132 combinations of
liners and test environments with good reproducibility of test results.3 Specific observations on the procedures used are presented below.

Equipment

The physical setup used to immerse the liner samples worked
well and presented few problems. The immersion jars were easy to
handle and allowed easy removal and replacement of test samples.
The suspension system with support wires permanently attached to the

liner samples allowed easy and rapid removal of the samples for
measurement and minimized handling during the measurement procedure.
Moreover, the tag affixed to the support wire of each liner provided
a permanent sample identification.

The initial measurements for the liner samples are presented in
Table 12. The weight of the support wires and tag attached to each
sample is included in all the weighings. These components average
0.373 gm in weight or approximately 10 percent of the initial weights
of the samples.

The zinc-coated carbon steel nuts that were used as weights
worked well for the immersions conducted at 230C but corroded severely
in the immersions conducted at 500C. This problem was corrected by
replacing these nuts with stainless steel nuts. There was an initial

concern that the weights would elongate the samples; however, no
elongation was noted. The weights did enlarge and tear through the
hook hole in those liners that were softened by immersion in the
water-saturated TCE solution. Since these samples subsequently disin-
tegrated, the effect of the weight was not viewed as significant.
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TABLE 12. SUMMARY OF INITIAL (PRE-IMMERSION) SPECIMEN WEIGHT AND VOLUME

Specimen Weight Specimen Volume
Standard Standard

Mean Deviation Mean Deviation

Liner Material (gmn) (2in) (in.3 ) (in.3 )

PVC 2.313 0.034 0.0847 0.002
(Palco)

PVC 2.270 0.036 0.046 0.002
(Pantasote)

PVC-OR 2.267 0.064 0.0815 0.0029
(Palco)

PVC-OR 2.444 0.035 0.0857 0.0021
(Pantasote)

CPE 2.539 0.039 0.0913 0.0020
(Palco)

*CPE 2.427 0.028 0.0839 0.0011
(Pantasote)

*Hypalon 2.442 0.043 0.0816 0.0015
(Stevens)

Hypalon 2.557 0.053 0.0874 0.0027
(Pantasote)

HDPE 3.524 0.126 0.2055 0.0080
(Schlegel)

XR-5 2.517 0.113 0.0979 0.0057
(Shelter-Rite)

EPDM 2.268 0.107 0.0834 0.0048
* (Carlisle)

Neoprene 2.736 0.111 0.0863 0.0042
(Carlisle)
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The test runs at 500C were initially conducted without the lid
rims on the jars, whereas the rims were attached loosely in subsequent
runs. The rims were left off or loose to prevent a build-up of
pressure in the jar; however, this precaution proved unnecessary and,
in some cases, allowed excessive evaporation of the test solution. As
a result, the solution level in three of the jars dropped below the

top of the samples. These three jars required retesting.

Solutions

Saturated solutions were used for all but one of the immersion
environments in order to maintain a constant chemical concentration.
The only unsaturated solution (an aqueous solution of 100 mg/l TCE)
proved extremely difficult to control and impossible to

maintain at a constant concentration. The TCE concentration would drop
to approximately 50 to 60 mg/I after a 1-day period requiring the
addition of TCE daily to return the TCE concentration to the 100
mg/l range. The cause of the loss of TCE was assumed to be a
combination of absorption into the liner, adsorption onto the
surfaces of the immersion jar, and volatilization; exact cause was
not determined.

The concentration of TCE in the TCE-saturated water solutions
was found to be less than projected. While the maximum solu-
bility of TCE in water is approximately 1,000 mg/l at 23*C, analysiso of the test solutions indicated that the actual TCE concentrations
attained were 500 + 50 mg/l in both the 230C and 500C solutions. Also,
at 500 C the liners tended to swell to a greater degree at the bottom
than at the top. Based on this visual observation it was inferred
that a concentration gradient was established with higher concentr-

ations near the bottom.

UWeight Measurements

The most precise parameter used was weight change; however, it
was not possible to obtain the precision implied in the NSF procedure

for all liner/chemical combinations. The NSF procedure does not
state a weighing precision but it does specify the use of a balance
with a 1-mg precision. The data for the test is reported to three
decimal points 0.001 gm (1 mg); however, in some cases, the third

decimal point was an estimate. The liner samples immersed in water-
saturated TCE would lose weight while on the balance pan; thus it
was not possible to obtain a steady weight to the third decimal
point. This effect was also noted (to a much lesser degree) with
the other samples.

In reference to the acetone rinse, the samples were carefully
and quickly wiped dry. Even with this procedure it is suspected that
the liner materials absorbed acetone and then released it during
weighing. The weight of the sample on the pan would decrease with
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KI
time even for those samples left unexposed (i.e., in air). Also,

an acetone odor was detected in the immersion jars of the unexposed

(control) samples. The effect of acetone absorption was minimized

by using the acetone dip step for all weighings including the initial
(tare) and final weighings.

Because of the changing weight, any variation in the time delay
between drying and weighing would cause inconsistent weight readings.

The NSF method calls for immediate weight readings because of this
condition, and a standard procedure (as standard as possible) was

used. Nonetheless, because it is impossible to reproduce exactly the
drying-weighing procedure each time, the weights may deviate because

of procedure as opposed to chemical effect. Even with the preceding
considerations, the relative impact of weight changes during measure-

ment was not significant.

Volume Measurements

Volume measurement was less precise than weight measurement
because the method of measurement was not wholly satisfactory. The

NSF proposed procedure specifies a dimensional measurement accuracy
of 0.001 inches using a micrometer. A micrometer (caliper) is not

suited for measurement of flexible material, especially to an accuracy
of 0.001 inches. To measure length and width, the samples were held
flat and every effort was made to not squeeze (and thus flex) the
material; however, it was impossible to completely avoid flexing the
liner sample. Also, the potential for flexing the samples increased
after they softened in the water-saturated TCE solution. A second
possible measurement error with the micrometer was not having it
aligned perpendicular to the sample, thus altering the measurement.

The compression of the samples while measuring thickness was
minimized by using a spring-loaded dial bench gauge. The spring
delivers the same amount of pressure during each measurement. For
those samples that softened during the exposure period, additional

compression was evident during the measurement. The measurement of
thickness also became very difficult if ply separation occurred; it
was difficult to determine if the thickness of the sample had actually
increased or if the increase was caused by the ply separation.

The pre-cut samples provided by the manufacturers were often not
exact 1-inch x 3-inch rectangles. The non-uniform rectangles made
accurate measurement difficult even with the two length and three
width readings. This problem was eliminated by obtaining material in
sheet form from the roll good manufacturers and stamping out samples
with a precision ASTH die.
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CHAPTER 5

RESULTS

The data base developed in the liner compatibility testing was
analyzed to define the weight and volume change parameters as dis-

*cussed in Chapter 4. The results of the data analysis of the weight
change data are presented in Appendices C and D, and the develop-
ment and discussion of the weight change results are presented in
this chapter.

ORGANIZATION OF DATA BASE S

The data base contained weight, volume and visual appearance in-
formation for the 132 immersions, each with three replicate samples.
In order to organize the data base for reduction and analysis purposes,
the tested liners were categorized in terms of similarity of composition,
and the resulting liner groupings were confirmed based on similar re-
sponse of the liners within each group to the test solutions.

For each of the 132 immersions, the weight data (weight change
after 1, 3, and 7 days of immersion, dried weight change, and

absorbance) were averaged and the standard deviations calculated.
In spite of the weighing problems noted in Chapter 4, data precision
was good for all of the control and aqueous test solutions. The
standard deviations of the weight change and absorbance values were
no greater than one percent. The water saturated TCE mean values were
less precise with standard deviations of up to 10 percent for some
liners. However, based on the volatilization of TCE during weighing
noted in Chapter 4 and the large weight changes and absorbances that
were measured, measurement errors of this magnitude were viewed as
not unreasonable.

Once the mean weight change and absorbance values for each
immersion had been calculated, the data were grouped to facilitate
analysis. For each group the mean and pooled standard deviation were
calculated with the pooled standard deviation being used to confirm

the validity of the assumed groups. Based on the calculated standard
deviations of the individual immersions, an allowable pooled standard
deviation of no more than two percent for the control and aqueous
test solutions and no more than 15 percent for the water-saturated

1CE solutions was established for confirmation of the initially
assumed groupings. Where the pooled standard deviation of the initial
group exceeded these criteria, subgroups were established that did
meet these criteria.

Five basic groups of liners resulted from this categorization
of the data. These were PVC/PVC-OR, CPE/Hypalon, HDPE, XR-5 and
EPDM/Neoprene. For the CPE/Hypalon group, CPE and Hypalon sub-

groups were established because of varying response to the test
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solutions of the CPE and Hypalon liners. The different groups used
for the data analysis are presented in Table 13. The results pre-

sented in this chapter are compiled for all liners within each group.

Three quantitative analysis parameters are used to present the

weight change results. They are: the percent weight changes during
immersion; the percent weight change after the 7-day drying period; and

the percent absorbance. These weight change parameters were computed
as defined in equations I and 3 in Chapter 4, i.e., with reference to
the initial sample condition.

The volume data from the 132 immersions were also evaluated using
the same procedure; however, the precision of the results for the in-

dividual immersions was low with calculated standard deviations
equaling or exceeding the measured changes for many of the immersions.

As a result the volume change results have not been interpreted.

VISUAL OBSERVATIONS

The visual results for the 12 liners in the five solutions are
summarized in Table 14. Visual observations were made during each
measurement at 1, 3, and 7 days of immersion and then after the
subsequent 7-day drying period. The results are presented below.

TCE-Saturated Water (230C and 500C)

There was little visual change in any of the liner samples immersed
in solutions of TCE-saturated water at 230C and at 500 C. The CPE
(Pantasote) and Hypalon (Stevens) samples did swell at the bottom.
Excess TCE was placed in these jars and accumulated as a lower phase.
The swelling was probably due to a concentration gradient formed in
the TCE-saturated water phase.

No visual change was noted for immersions in solutions of 100 mg/l
TCE at either temperature.

Water-Saturated TCE (23 0 C)

The liner samples immersed in water saturated TCE (near pure
TCE) showed drastic visual change. All of the liner samples (including
the HDPE) qwelled noticeably and softened, with an apparent loss in
structural strength. The samples of three of the liners - CPE
(Pantasote), Hypalon (Stevens) and Hypalon (Pantasote) - dissolved to
a jelly-like mass within 24 hours. Ply separation was evident on

the samples of three of the other liners; PVC (Palco), PVC-OR (Palco),
and CPE (Palco). The HDPE samples showed the least visual change;

however, the HDPE liner did swell and become much more flexible
during the immersion period and an orange tint was imparted to the
solution.
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TABLE 13. LINER GROUPINGS FOR DATA ANALYSIS

Group Liners

PVC PVC (Palco)

PVC (Pantasote)

PVC-OR (Palco)

PVC-OR (Pantasote)

CPE/Hypalon

CPE Subgroup CPE (Palco)
CPE (Pantasote)

Hypalon Subgroup Hypalon (Stevens)

Hypalon (Pantasote)

HDPE HDPE (Schlegel)

XR-5 XR-5 (Shelter-Rite)

EPDM/Neopvene EPDM (Carlisle) e.
Neoprene (Carlisle)
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After drying, the liner samples (excluding the ones that dis-

solved and the HDPE and Neoprene samples) had stiffened and hardened.
This change is believed to have been due to a loss of plasticizers.
The HDPE and Neoprene samples showed little change, i.e., had not

stiffened or hardened after the drying period.

TNT-Saturated Water (500 C)

There was little visual change in the liner samples immersed in

the TNT-saturated water solution at 500C. The PVC-OR (Palco) sample
had a slight color change and the PVC-OR (Pantasote) samples developed
white spots.

RDX-Saturated Water (50*C)

Slight visual changes were noted for some of the liners immersed
in the 7nX solutions. Liners in the PVC group softened slightly and

curled. The two CPE liners also softened slightly. The other changes
noted were that the surfaces of the Hypalon (both Stevens and Pantasote)

and the XR-5 samples became tacky after being immersed for 72 hours.

A

WEIGHT CHANGES DURING IMMERSION

weight change during immersion pertains to the difference between
initial sample weight and its weight just after removal from the immer-

sion jar. This measure, calculated usinq Equation 1 in Chapter 4,
is indicative of what happens to a liner under continuous exposure
to a test solution. The weight changes during immersion are pre-
sented graphically in Figures 2 through 25. The liner groups are

indicated on each plot by letters. Overlapping points, and points
that lie on the axis, are indicated by an "X".

Controls

Air (unexposed) and distilled water control immersions were
conducted for each liner material. The weight changes for unexposed
(un-immersed) liner samples and for the distilled water immersions
at 230C and 500 C are presented in Figures 2 through 6 for the five
liner groups: PVC/PVC-OR; EPDM/Neoprene; CPE/Hypalon; HDPE and XR-5.
At 230 C there was limited weight change during the 7 day immersion
period (less than two percent) for both the unexposed samples and
distilled water immersion. At 50"C there was also limited weight
change for all the unexposed samples; however, in distilled water
both the EPDM/Neoprene samples and the CPE samples had weight in-

creases of approximately four percent by the end of the 7-day immer-
sion period. The remaining liner samples (PVC/PVC-OR, Hypalon, HDPE
and XR-5) had limited weight changes (less than two percent) in dis-
tilled water at 500 C.

TCE-Saturated Water

The weight changes for the distilled water ard WE-saturated
water immersions at 230 C and 500 C are presented in Figures 7 through 11.

52

.... .



71 +0

E- -43,oNfe

mH IwC l cm

+0 -

Ii M
I I W WLUU

0 1.0 4 1CC000

I (I 00X 1
I LI i Lu Lu o

o= -1 It II

I = .iI 0

+ D I I == =
I .0 co=I

< I c wI xo

IE

+D EIDO,

1 00000

<+0

f- 4 0 x 0 Nca 0

I I'I

+ ca -



.E-

H- LU LL Q I

z 'o
H I C - mPIrL

z

N0 0 I I

z

IN ILLU LU WjLU

P.I 0.- 1.

244 C4

I L j ulLuWLUcflcLcflU

I i I L I 0L 0
= I0 I = 0. -

>4 u I = M o
I 0 I

I C3L

I LU I- t

I E Ce CLOCLOC .CL I .m

001I - Ne I 00000 0

I Io

w 4C

S Uj I NLU C..C..LUO. C
II a. (L ))- >->

4I I L u0

+1l

54 04

LU LU

54C -A

+



+ CD

I.-

0 N LU I LU LU

MI C I

I uiI uj4n ,
= "3=P-

*0' I- U

I I LULUuj UA

*U ( DC D4
> r of Uj LI "- I

H Ij -4-1-1-
Id ====

I C I U.IWLLIW UJ
I LU 1I0 a.oa-.a.

go 4wwo0

r141

1 N i

Ie I

E LU

5*5



-~4 co-

InK
E-4Q

+ Ia

H

H) + I21c oI

x 0:

xUIu (A (J0 J 0
= : X 8 Z -4

I I I iuiu

:- ILU LU W j4

U) I- 00 0I - _
+ " 11I1a1A1j j

GO.-I LU IJ LUW LU

00

H 04

" I

Ii I I I I

U~ 10cl

H a. -

441

LI

+0

+ ... ..1- +-0- -4 f -0+ - ... ... . + 1-

CD 4 a 0 4 C D c 3 C



me I Im I-0 CIYu I

H I C4
II

I~ ~ ~ ty i U L

+ 1.a* I

oI I X I

I E 090 LC L

I~ ~ + D I:= =

I1 I
1010

I~ Uj I U L Q

401= =

01

I'



E-4-

U) a

-C~ I ulA nL

I u INinc L
+ C

E-4 1 -

I +IDC m

I-4~ 4I -

I I 0 U (nI jL
1. I = "I

+ CD

0+ CD&

-II

I I

u% I

z +0

u ~~I N o

I LUII\ %-
LUI 0 .M-

I CLCU 9LC

z+0

~co 4c. am u InS4

UJWU

uI I
58U



4.0C

.1 CD

E-4~~~* I1F 0C Do mw

H~~ 4.C - 1

E- -a 4I<4cA

H~~& &n gl PA0C CV

W E-1

of I

InWUL L LU

I I U, t ,

lop u.. 0000W 00=-

1 ' wI I-I-
I II'(fg4lf

w I% LU a. LA a. 9L UWL a)

oc I LU=Q LUo

IE-n

* 4~4'. D

"I In p

C" I0
CI 0

I" -t

Z I I ~ IO.. 'C 9
I LUI %.UO..UO...Ph



*~I in .r- T a, - - -

a.

4- E- l n

z C,

IY L L

Ui IInLi4

4 Og

4.C2I £I -i -

0D Ln I

I LU IOOOOuj
JL L-wW

z 0 i

K ml

0 ~ X I
UJ4 CD

IN

4. 0

He I. LU N ;C

E mU

60 II



C4 04

+0C

U I

z I j lN N',

LU LU W U

+0C
IN .. JUUJ-

P- I QULA QL
cnI
H

z 1 1 -4~ I!1LU LU LU

H I 1 -1 .-

II I w, l0A1x I LU I U.Jwuj uj
II E w : ---- -

U) I = ==I

w~~~ I ( n4

+0 ~

C.9,

E-4 I Eclnninn

I I WWI

+ ND

LU I 0D

4c 0-4+ 0414+ 0. 0+P I0 4 0"- P4 + "1-0+ "0 + + 0

In QS 0 N CD CD0P
I II

4 40cs ; %;C

Iu U6r



ILI
I

(.) +

-C I

1. I
I U I c II

I 2 0
'-4 Ix

I I

z I

I Coc

E- IJ10

H I

II
zII

H 
a

z +1



All of the liner groups showed an increase in weight for the immersion
in TCE-saturated water relative to those in distilled water. In all
cases the weight increase attributable to TCE was rapid, occurring
within the first 24 hours. Thereafter, the weights of the samples

held constant or decreased relative to those for the distilled water
immersions.

The TCE-saturated water had the greatest effect on the CPE and
Hypalon liner groups causing weight increases of 10 to 15 percent.

*m The PVC/PVC-OR, EPDM/Neoprene, and XR-5 liner groups had weight
increases of four to six percent attributable to the TCE saturated
water. TCE-saturated water had a limited effect on the HDPE samples,
resulting in a weight increase .,f approximately three percent.
Temperature appeared to have little effect on weight increases for
samples immersed in TCE-saturated water solutions. The weight in-
creases at 230 C and 500C were similar in magnitude with some excep-

tions. The exceptions were that at 500 C the weight increase was
greater for the XR-5 samples, and the XR-5 and HDPE samples decreased
in weight between the third and seventh days of immersion.

Water-Saturated TCE

The weight changes for samples immersed in the water-saturated
TCE at 230C are presented in Figure 12 for the PVC/PVC-OR, EPDM/Neoprene,

HDPE and XR-5 liner groups. The CPE/Hypalon samples are not included
because they were dissolved within 24 hours. All other liner groups

showed significant and rapid weight increases with the weight increases
occuring within one day for the PVC/PVC-OR, HDPE and XR-5 liner
group and within three days for the EPDM/Neoprene liner group.

The weight increases for both the XR-5 and EPDM/Neoprene liner
groups exceeded 140 percent, whereas those for PVC/PVC-OR and HDPE
were approximately 30 percent and 15 percent respectively. With the

* exception of the XR-5 samples, the weights of the samples remained
constant during the 7-day immersion period. The weight of the XR-5
liner samples decreased approximately 35 percent between the first
and the seventh days of the immersion period, from a 225 percent

increase to 188 percent.

TNT-Saturated Water

The weight changes for distilled water immersions at 230 C and
500 C and for TNT-saturated water at 500C are presented in Figures 13

through 17. With the exception of the HDPE samples, all the liner
groups showed an increase in weight change for the TNT-saturated
water immersions relative to the distilled water immersions. Addi-
tionally, with the exception of the HDPE samples, the difference
between the weight changes for the TNT-saturated water and those for
the distilled water immersions continued to increase during the
7-day immersion period. The increase exceeded two percent for the
PVC/PVC-OR, CPE, and XR-5 liner groups by the seventh day. The HDPE
samples show no change during the Ezven day immersion period and the
Hypalon and EPDM/Neoprene liner groups increased in weight by less

than two percent.
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RDX-Saturated Water

The weight changes for the distilled water immersions at 23 0 C and
500C and for the RDX-saturated water immersions at 50*C are presented
in Figures 18 through 25. Three of the basic groups (PVC, CPE/Hypalon
and EPDM/Neoprene) were further subdivided to be consistent with the
liner grouping criteria. This subdivision resulted in the development
of seven liner groups for RDX.

After this initial complication, it was found that Neoprene and

CPE were the only two liner groups to show a divergence in weight
change during immersion relative to the distilled water at 50 0 C.
The divergence was small (approximately one percent for Neoprene;
slightly less for CPE) and therefore not viewed as a significant
factor.

DRIED WEIGHT CHANGE AND ABSORBANCE

The quantitative results for dried weight change and absorbance
are presented in Tables 15 to 24. These parameters were calculated
using equations 3 and 4 (Chapter 4). The observations below are
referenced to the individual tables.

Unexposed/Distilled Water (23 0 C)

A comparison of the dried weight changes between the unexposed
samples (control) and the samples immersed in distilled water at 230C
is presented in Table 15. The liners immersed in distilled water
showed no significant difference from the control (unexposed) samples
for all the liner groups at 230 C.

A comparison of the absorbance between unexposed samples (control)
and samples immersed in distilled water at 230C is presented in Table 16.
Three of the groups, CPE/Hypalon, XR-5 and EPDM/Neoprene, showed slight
increase in absorbance from the control (unexposed) samples after being

immersed in distilled water at 230C. These increases were only 0.8 to
1.5 percent, but were sufficient to warrant the use of the distilled
water immersions as the control for the test solution immersions.

Unexposed/Distilled Water (500 C)

A comparison of the dried weight change between unexposed samples
(control) and samples immersed in distilled water at 500C is presented
in Table 17. The liners immersed in distilled water also showed no
significant difference from the control (unexposed) sample at 500C.

A comparison of the absorbance between unexposed (control) samples
and samples immersed in distilled water at 500C is presented in
Table 18. The CPE liner group showed a 5.04 percent increase in
absorbance when immersed in distilled water at 500C relative to the
control.
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K TABLE 15. PERCENT WEIGHT CHANGE AFTER 7-DAY IMMERSION
FOLLOWED BY 7-DAY DRYING

CONTROL IMMERSION SOLUTION

m LINER GROUP/LINERS Unexposed I Distilled Difference

23-C Water 23°C from Control

PVC's -2.43 (1 .09 )a -2.96 (1.70) -0.53 (1 .4 3 )b

n=12c n=12
PVC (Palco)

PVC (Pantasote)
PVC-OR (Palco)
PVC-OR (Pantasote)

CPE's/HYPALONS -0.34 (0.36) -0.40 (0.50) -0.06 (0.44)
n=12 n=12

CPE (Palco)
CPE (Pantasote)
Hypalon (Stevens)
Hypalon (Pantasote)

HDPE -0.01 (0.04) -0.05 (0.08) -0.04 (0.06)
n=3 n=3

(Schlegel)

XR-5 -0.47 (0.06) -0.88 (0.68) -0.41 (0.48)
n=3 n=3

(Shelter-Rite)

EPDM/NEOPRENE -0.48 (0.18) -0.18 (0.12) 0.30 (0.15)
n=6 n=6

EPDM (Carlisle)
Neoprene (Carlisle)

a Values in parentheses for immersion solutions are the standard deviations of

the samples

b Values in parentheses for the difference from control are the pooled standard

deviations of the control samples and the immersion solution samples

c n - Population size

7
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TABLE 16. PERCENT ABSORBANCE AFTER 7-DAY IMMERSION

CONTROL IMMERSION SOLUTION

LINER GROUP/LINERS j Unexposed Distilled Difference
23 0 C Water 23 0 C from Control

PVC's 1. 2 0  (0 .6 9 )a 1.44 (3.42) 0.24 (0 .5 7 )b
n=12

c  
n=12

PVC (Palco)
PVC (Pantasote)
PVC-OR (Palco)

PVC-OR (Pantasote)

CPE's/HYPALONS 0.17 (0.25) 1.24 (0.88) 1.07 (0.65)
n=12 n=12

CPE (Palco)
CPE (Pantasote)
Hypalon (Stevens)

Hypalon (Pantasote)

HDPE 0.21 (0.22) 0.30 (0.16) 0.09 (0.19)
n=3 n=3

(Schlegel)

XR-5 0.13 (0.14) 0.93 (0.10) 0.80 (0.12)
n=3 n=3

(Shelter-Rite)

EPDM/NEOPRENE 0.02 (0.06) 1.49 (0.65) 1.47 (0.46)
n=6 n=6

EPDM (Carlisle)

Neoprene (Carlisle)

a Values in parentheses for immersion solutions are the standard deviations

of the samples

b Values in parentheses for the difference from control are the pooled stan-

dar deviations of the control samples and the immersion solution samples 1

c n = Population size

80
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aTABLE 17. PERCENT WEIGHT CHANGE AFTER 7-DAY IMMERSION
FOLLOWED BY 7-DAY DRYING

CONTROL IMMERSION SOLUTION.-n

LINER GROUP/LINERS Unexposed Distilled Difference

SU 500 C Water 500C from Control

PVC's -1.88 (0.38) a  -1.73 (0.57) 0.15 (0.48 )b

n=12c n=12
PVC (Palco)

PVC (Pantasote)
PVC-OR (Palco)
PVC-OR (Pantasote)

CPE's -0.79 (0.10) -0.02 (0.71) 0.77 (0.51)
n=6 n=6

CPE (Palco)
CPE (Pantasote)

HYPALONS -0.09 (0.25) -0.14 (0.17) 0.23 (0.21)
n=6 n=6

Hypalon (Stevens)

Hypalon (Pantasote)

HDPE 0.32 (0.11) 0.30 (0.11) -0.02 (0.11)
n=2 n=3

(Schlegel)

XR-5 -0.12 (0.23) -0.45 (0.24) -0.33 (0.24)

n=3 n=3
(Shelter-Rite)

EPDM/NEOPRENE -0.33 (0.22) 0.25 (0.35) 0.58 (0.29)

n=6 n=6
EPDM (Carlisle)
Neoprene (Carlisle)

a Values in parentheses for immersion solutions are the standard deviations of

the samples

b Values in parentheses for the difference from control are the pooled standard
deviations of the control samples and the immersion solution samples

c n = Population size

81 "0



TABLE 18. PERCENT ABSORBANCE AFTER 7-DAY IMMERSION

CONTROL IMMERSION SOLUTION

LINER GROUP/L INERS Unexposed Di stililed Di fferfence
500C Water 500C from Control

PVC's -0.04 (0.8 6 )a 1.21 (1.19) 1.25 (1 .0 4 )b
n=12c n=12 5

PVC (Palco)
PVC (Pantasote)
PVC-OR (Palco)
PVC-OR (Pantasote)

CPE's -0.25 (0.18) 4.54 (0.96) 4.79 (0.69)
n=6 n=6

CPE (Palco)
CPE (Pantasote)

HYPALONS -0.18 (0.12) 1.57 (1.20) 1.75 (0.85)
|n =6 n=6 •

Hypalon (Stevens)

Hypalon (Pantasote)

HDPE -0.37 (0.13) -0.10 (0.06) 0.27 (0.09)
n=2 n=3

(Schlegel)

XR-5 -0.14 (0.21) 2.19 (0.17) 2.33 (0.19)
n=3 n=3

(She lter-Rite)

EPDM/NEOPRENE -0.14 (0.16) 3.86 (2.82) 4.00 (2.00)
n=6 n=6

EPDM (Carlisle)
Neoprene (Carlisle)

a Values in parentheses for immersion solutions are the standard deviations of
the samples

b Values in parentheses for the difference from control are the pooled standard
deviations of the control samples and the immersion solution samples

c n = Population size

p
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Of the other groups, Hypalon, XR-5 and EPDM showed gains of two to
four percent. While these changes are viewed as minimal the distilled

water results were used as the control for the test solution immersions.

Distilled Water (23*C)/Distilled Water (500C)

A comparison of the dried weight change between samples im-
mersed in distilled water at 230C and 501C is presented in Table 19.
There was no significant difference between the percent dried weight
change for any of the liner groups immersed in distilled water at

23 0 C and those immersed at 50 0 C. Elevation of the temperature has
no significant effect on the dried weight for any of the samples in
distilled water.

A comparison of the absorbance change between samples immersed in
distilled water at 23*C and 501C is presented in Table 20. The only

liner group that showed an increased absorbance at the elevated temp-
erature was the CPE with an increased absorbance of 3.3 percent.
There was no significant increase for any of the other groups. The
effect of elevated temperature on absorbance thus appears to be limited.

Distilled Water (230C)/TCE-Saturated Water (230C)

A comparison of dried weight changes between samples immersed in
distilled water (control) and TCE-saturated water at 230C is pre-
sented in Table 21. Only the CPE (Pantasote) was affected by the
TCE-saturated water (a weight gain of 1.33 percent) compared to the
distilled water control at 230C. The weight increases for TCE-satu-
rated water in the other groups were all less than one percent.

The absorbance difference between samples immersed in distilled
water (control) and TCE saturated water at 23 0 C is compared in Table 22.
The CPE (Pantasote) showed the largest increase; the difference
in absorbance was almost 14 percent and is attributed to the TCE in
the solution. The other liner groups showed absorbance increases of
two to four percent. The significance of these increases is unknown.
It was assumed that an increase of nearly 14 percent would be detri-

mental to the performance of the liner whereas the smaller increases
(less than 5 percent) woL.ld have a lesser effect on performance.

In any case, it is likely that if a liner absorbs CE it probably
will desorb TCE from the other side due to concentration gradients.
Thus, the measured absorbance may indicate the permeability of the
liners to TCE.

Distilled Water (230C)/Water-Saturated TCE (230C)

A comparison of weight changes between samples immersed in dis-
tilled water (control) and water-saturated TCE at 230C is also pre-
sented in Table 21. A water-saturated TCE solution is very concen-
trated with respect to TCE. The water-saturated TCE solutions had a
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TABLE 19. PERCENT WEIGHT CHANGE AFTER 7-DAY IMMERSION
FOLLOWED BY 7-DAY DRYING

CONTROL IMMERSION SOLUTION

LINER GROUP/LINERS Distilled Distilled Difference
Water 23 0C Water 50 0C from Control

PVC's -2.96 (1.70)a  -1.73 (0.57) 1.23 (1 .27 )
b

n=12c n=12

PVC (Palco)
PVC (Pantasote)
PVC-OR (Palco)
PVC-OR (Pantasote)

CPE' s/HYPALONS

CPE (Palco) -0.02 (0.71) 0.38 (0.57)
CPE (Pantasote) n=6

-0.40 (0.50)
Hypalon (Stevens) n=12 -0.14 (0.17) 0.26 (0.431

Hypalon (Pantasote) n=6

HDPE -0.05 (0.08) 0.30 (0.11) 0.35 (0.10)
n=3 n=3

(Schlegel)

XR-5 -0.88 (0.68) -0.45 (0.24) 0.43 (0.51)

n=3 n=3
(She lter-Rite)

EPDM/NEOPRENE -0.18 (0.12) 0.25 (0.35) 0.43 (0.26)
n=6 n=6

EPDM (Carlisle)
Neoprene (Carlisle)

a Values in parentheses for immersion solutions are the standard deviations of

the samples

b Values in parenthesis for the difference from control are the pooled standard

deviations of the control samples and the immersion solution samples

c n = Population size
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TABLE 20. PERCENT ABSORBANCE AFTER 7-DAY IMMERSION

CONTROL IMMERSION SOLUTION

- LINER GROUP/LINERS Distilled Distilled Difference

Iwater 23*C I Water 50*C from Control

PVC's 1.44 (0.4 2 )a 1.21 (1.19) -0.23 (0 .89 )b

n=12c n=12
PVC (Palco)
PVC (Pantasote)
PVC-OR (Palco)
PVC-OR (Pantasote)

CPE's/HYPALONS

* CPE (Palco) 4.54 (0.96) 3.30 (0.91)

CPE (Pantasote) n=6
1.24 (0.88)

Hypalon (Stevens) n=12 1.57 (1.20) 0.33 (0.99)

Hypalon (Pantasote) n=6

9 HDPE 0.30 (0.16) -0.10 (0.06) -0.40 (0.12)

n=3 n=3
(Schlegel)

XR-5 0.93 (0.10) 2.19 (0.17) 1.26 (0.14)
n=3 n=3

* • (Shelter-Rite)

EPDM/NEOPRENE 1.49 (0.65) 3.86 (2.82) 2.37 (2.05)
n=6 n=6

* EPDM (Carlisle)
Neoprene (Carlisle)

a Values in parentheses for immersion solutions are the standard deviations of

the samples

b Values in parentheses for the difference from control are the pooled standard

deviations of the control samples and the immersion solution samples

c n Population size
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drastic effect on all the liner groups studied. This effect is
reflected by the measured weight changes for all the liner groups
with the exception of HDPE. After drying, the HDPE returned to near
its pre-immersion weight with the difference between the distilled
water control and the immersion solution samples being negligible
(0.3 percent). However, a component of the HDPE did dissolve into
the water-saturated TCE, tinting the solution orange.

The other liner groups either dissolved (CPE-Pantasote and
CPE/Hypalon) or showed large weight losses. The weight losses for the
PVC, XR-5 and EPDM/Neoprene groups were about 20, 24 and 16 percent
respectively. The samples were brittle and stiff after drying. The
large weight loss was assumed to be due to the soluble components in

the samples being removed by the TCE. The stiffening indicates that
plasticizers were removed.

A comparison of the absorbances for samples immersed in the dis-
tilled water control and water saturated TCE solutions at 230 C is
presented in Table 22. As previously noted, the samples in the
CPE (Pantasote) and CPE/Hypalon groups dissolved within 24 hours.

Three of the other liner groups (PVC, XR-5 and EPDM/Neoprene)
showed extremely large absorbance gains in comparison to those for

the distilled water immersions. These increases in percent absorbance
were 51 percent for PVC, 213 percent for XR-5 and 155 percent for

EPDM/ Neoprene; all attributable to the TCE.

These liners readily absorbed TCE at the high TCE concentrations.
Absorbance to this extent clearly indicates an incompatibility of

the material with the solution. Additionally, the liners swelled to
a large degree during the immersion. Once swollen, the liners softened
and apparently lost much of their structural strength. Moreover,

these changes took place rapidly, within 24 hours.

The HDPE also exhibited an increase in absorbance (about
14 percent). The HDPE softened noticeably and became much more flexible
during the immersion. The samples also appeared to lose some of their
structural strength. Finally, the water saturated TCE solution
turned orange indicating the loss of soluble constituents from the
samples. AS previously discussed, the absorbance parameter may be an
indication of permeability. The high absorbance of the HDPE samples
may indicate that it, too, is permeable to TCE at high concentrations.

Distilled Water (500 C)/TCE-Saturated Water (500 C)

A comparison of dried weight changes for samples immersed in the
distilled water control and TCE-saturated water at 500C is presented

in Table 23. The liners immersed in TCE-saturated water at 500C
showed no significant difference in weight change from those in the
control solution for all liner groups.
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A comparison of the absorbances of samples immersed in the dis-
tilled water control and TCE-saturated water at 500C is presented in
Table 24. All the liner groups, except HDPE, showed moderate absorb-
ance increases varying from five to nine percent in magnitude.

The CPE and Hypalon groups showed the largest increases (nine and
seven percent) of the samples immersed in TCE-saturated water at 500 C
as they also did for the 231C immersions. The percent absorbance
for TCE was slightly greater at the elevated temperature for all the
groups except HDPE.

Distilled Water (50'C)/TNT-Saturated Water (50'C)

A comparison of the dried weight changes of samples immersed in the
distilled water control and TNT-saturated water at 501C is presented in
Table 23. Three of the liner groups (PVC, CPE and XR-5) had small weight
gains relative to the control immersions. A fourth liner group, EPDM/
Neoprene, also exhibited a small weight gain, but the pooled standard
deviation was of the same magnitude as the change. While the weight
gains are apparently due to TNT entering the liner structure, they are
minor and it is assumed that they would not impair the structural
strength of the liner.

A comparison of the absorbance of samples immersed in the distilled
water control and TNT-saturated water at 50 0 C is presented in Table 24.
The liners immersed in TNT saturated water at 500C showed no significant

difference in absorbance compared to the control immersions. The
apparent ability of TNT to enter the liner structure may however be a
path way for TNT to pass through the membrane and out of the containment.

Distilled Water (50 0C)/RDX-Saturated Water (500C)

A comparison of the dried weight changes of samples immersed in the

distilled water control and RDX-saturated water at 50 0 C is presented
in Table 23. The PVC group was the only one to show a difference
in weight change (3.5 percent) relative to the control.

The absorbance of samples immersed in the distilled water control
and RDX-saturated water at 501C is presented in Table 24. Three of
the liner groups showed changes in absorbance in comparison to the
distilled water control. The absorbance changes varied from -2.3
percent for EPDM to about three percent for PVC and Neoprene.

The change in absorbance for EPDM and Neoprene may be due to the
variability of the data (a large pooled standard deviation), and thus
there may be no definite difference from the control distilled water
immersion. The PVC group does show an increase in absorbance; however,
the increase (2.6 percent) is probably insiqnificant with respect
to liner performance.
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LINER COMPATIBILITY

A projection of the potential compatibility of the five liner

groups (PVC, CPE/Hypalon, XR-5, HDPE and EPDM/Neoprene) based on

previously discussed results is presented in Table 25. The values in

Table 25 are an assessment of the effect of the test chemicals on

each liner based on the results of the screening test. A rating of

one is used to indicate minimal effect and a rating of five to indicate

failure of the liner.

UVhPE appears to be potentially compatible with TNT and RDX, and may

be compatible with TCE. The other four liner groups also appear to be

potentially compatible with TNT and RDX; however, all four groups were

found to be incompatible with TCE.

TABLE 25. SUMMARY OF THE INITIAL SCREENING TEST RESULTS

Relative Effect of Test Chemical I

Liner Group TCE TNT RDX

PVC 4 3 3

CPE/Hypalon 5 3 2

XR-5 5 2 2

HDPE 3 1 1

EPDM/Neoprene 4 2 2

1 Relative effects are ranked from 1 (minimal) to 5 (failure).

L
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CHAPTER 6

CONCLUSIONS AND SUMMARY

CONCLUSIONS

The following conclusions were made based on the observations of the

test results.

Test Methodology

o The initial screening test step of the Proposed NSF Test

Protocol proved to be easy to use and repeatable; however,

before it could be used it was necessary to establish specific

testing procedures.

o The weight change and absorbance measurements were very

reproducible and provide consistent response patterns.

0 The volume change and swell measurements were much less

reproducible than the weight change measurements and did not

provide consistent response patterns. These problems were

attributed to inherent difficulties with the measurement

! procedures.

o The data generated by the screening test of the Proposed NSF
Test Protocol provide a basis for preliminary evaluation of

liner compatab lity; however, because there are no established
evaluation criteria, data interpretation is in part subjective

I and requires a careful analysis and comparison of the data.

Temperature Effects

o Temperature had a minor effect on liner sample weight changes
during immersion except for CPE (Pantasote) and EPDM and Neo-
prene (both Carlisle); each had about a four percent weight
increase at 50'C (compared to 23'C).

0 Temperature had no effect on the dried weight change of any of
the liner samples.

o Temperature had little effect (less than 2 percent) on liner
absorbance in distilled water.

0 The only temperature effect noted in the test chemical solutions
was a minimal increase in absorbance at 50'C (compared to 23'C)
for samples immersed in the TCE-saturated water.
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TCE-Saturated Water

o The only visual change noted for liners immersed in TCE saturated
water was swelling at the bottom of the liner samples of CPE
(Pantasote) and Hypalon (Stevens).

o All the liner groups showed an increase in measured weight

during immersion. The weight increases during immersion were
rapid, occurring within 24 hours.

o The largest weight increases measured during immersion were with
the CPE and Hypalon samples which increased 10 and 15 percent
respectively.

o There was no significant dried weight change for any of the
liners in the TCE-saturated water immersion at either 23°C and

500C relative to the distilled water control.

o Liner absorbance increased for both the 230C and 500C T E-satu-
rated water immersions. The largest increase was for CPE
(Pantasote) where absorbance increased by nine percent from the

distilled water control.

Water-Saturated TCE

o The CPE and Hypalon sampl.s dissolved within 24 hours.

o All the liner samples showed drastic and rapid (within 24-hours)
visual changes during immersion. The visual changes included
swelling and ply separation. Additionally, after dL'ying the

liner samples shrank and stiffened.

o Visually, HDPE was the least affected liner.

o All of the liner groups showed significant and rapid (within
24-hours) weight increases during immersion. The weight increase
for some liners was over 140 percent.

0 The PVC, XR-5 and EPDM/Neoprene liner samples had extreme
dried weight losses (minus 20, minus 24 and minus 16 percent,
respectively). These weight losses were probably due to removal
of soluble constituents such as plasticizers from the liner
samples.

o The HDPE samples showed no dried weight loss.

0 The PVC's, XR-5 and EPDM/Neoprene liner samples had extreme

absorbance increases (51, 213 and 155 percent, respectively).

0 HDPE had the smallest absorbance increase: 14 percent.
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TNT-Saturated Water

o There was little visual change for any of the liner
samples immersed in TNT.

o All of the liner groups except HDPE showed an increase in
weight during the TNT-saturated water immersions.

o The weight gains for the liners immersed in TNT-saturated
MR water, except HDPE, were still increasing at the end of

seven days of immersion.

o All of the liner groups, except HDPE, had a residual weight
gain of between five and nine percent after the 7-day drying
period.

o There was no significant increase in absorbance for any of the
liner groups.

RDX-Saturated Water

o Visual changes associated with immersion in RDX were limited
to a slight softening and curl of the PVC samples, slight
softening of the Palco PVC-OR and CPE samples and the surface
of the two Hypalons and the XR-5 samples becoming tacky.

o Only the PVC and Neoprene liner samples showed an increase in
weight during the RDX-saturated water immersion.

o The weight increases were less than one percent for all the
liner samples; however, liner weights were still increasing at
the end of the 7-day immersion period.

n o The PVC liner samples had an average weight loss of four percent
after drying.

o There were slight increases in absorbance for the PVC (three
percent) and the Neoprene (three percent) liner samples although
the increase in absorbance in the Neoprene samples may have been
due to sample deviation.

o The EPDM samples had an absorbance loss of three percent; however,
SUMR this loss may have been due to sample deviation.

, SUMMRY

HDPE appears to be potentially compatible with TNT and RDX, and may

be compatible with 'ICE. The other four liner groups also appear to be
potentially compatible with TNT and RDX; however, all four groups were
found to be incompatible with TCE.
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APPENDIX A

LINER MANUFACTURING SURVEY DATA

INDEX

Carlisle Tire & Rubber Company
Dow Chemical USA
duPont Company
General Tire Plastic and Film Company
B. F. Goodrich
Gundle Lining Systems, Inc.
Hercules, Inc.
Mainline
Palco Linings, Inc.
Pantasote, Inc.
Schelgel Lining Technology, Inc.
Shelter-Rite3 Staff Industries, Inc.
Stevens Elestomeric & Plastic Products, Inc.
Watersaver Company, Inc.
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* Carlisle

U I. COMPANY

Carlisle Tire & Rubber Company
* Division cf Carlisle Corporation

Bill Witherow 249-1000
Product Manager
Construction Materials Division
P. 0. Box 99
Carlisle, Pennsylvania 17013

II. CLASSIFICATION

Roll good producer, sheet fabricator

* III. PRODUCTS

Stock I Seams Thickness
Type Supplier IReinf.11 Factory _Field (mil) I Width

* U vulcanized adhesive 30, 60, 90, 50 ft
* Butyl 'Proprietary'_______________ 120 (10 ft to seams)

S vulcanie adeie 30, 60, 90, 50 ft

_______ _______________________ ______:120 (10 ft to seams)

U Ivulcanized 'adhesive f30, 45, 60,. 50 ft
EPD14 Proprietary, 90,__ _____ ___ 120 (10 ft to seams)

S vulcanized adeie 30, 45, 60, 50 ft
________________ ______ _______________90, 120 (10 ft to seams)

U vulcanized adeie 30, 60, 90,- 50 ft

Neoprene duPont -_ __1'120 (10 ft to seams)
vulanied'adhesive !30, 60, 90,, 50 ft

______________________ ________1120 (10 ft to seams)

1U -Unsupported

S -Supported

2 Recommended

IV. COMPATIBILITY

A. Compatibility data

Yes, see Appendix B

B. Compatibility testing

Immersion0

* C. Liner recommendations
TNT - unknown
RDX - unknown
ITE - unknown

D. Existing hazardous waste installations list
Yes, see Appendix C

A- 1



DOW

I. COMPANY

Dow Chemical USA

Lynne A. Hanrahan 504/389-8275
Senior Research Engineer
CPE Industrial Products

Designed Products Department
P. 0. Box 150 - Building 2307
Plaquemine, Louisiana 70764

II. CLASSIFICATION

Resin manufacturer

III. PRODUCT

CPE resin

IV. COMPATIBILITY

A. Compatibility data
Yes, see Appendix B

B. Compatibility testing
Immersion

C. Liner recammendations

TNT - unknown
RDX- unknown
TCE - not recammended

V. ROLL GOOD PRODUCERS USING DOWN RESIN
B. F. Goodrich
Mainline Company
Pantasote Company
Stevens

A-2



duPont

I. COMPANY

duPont Company 302/998-4855
Elastomers Inquiry Center

Elastomers Laboratory
Chesnut Run
Wilmington, Delaware 19898

II. CLASSIFICATION

Resin producer

III. PRODUCTS
Hypalon resin
Neoprene resin

* Nordell resin (hydrocarbon rubber)

7 IV. COMPATIBILITY TESTING

A. Compatibility data
Yes, see Appendix B

" B. Compatibility testing
Immersion

C. Liner recommendation

n Unavailable

V. ROLL GOOD PRODUCERS USING DU PONT RESIN
"* Burke Industries

Carlisle

Cooley Corporation
Dunlop Industrial
B. F. Goodrich

Stevens

A-3



General Tire

I. COMPANY

General Tire Plastic and Film Company

Joel Kaster 614/498-5900
(Ed Chambers)
Newcomerstown, Ohio 43832

II. CLASSIFICATION

Roll good producer

III. PRODUCTS

Stock Seams Thickness

Supplier Reinf.1  Factor Fieldz (mil) Width

PVC U 15 and up
HDPE USI, Soltex U heat heat 40 and up 4 ft x 8 ft

weld weld panels
Polypro- Hercules, U heat heat 60 and up 4 ft x 8 ft
pylene Nova Mont weld weld panels

Division of
U. S. Steel

U - Unsupported

S - Supported
2 Recommended

IV. COMPATIBILITY

A. Compatability data

Yes, see Appendix B

B. Compatibility testing
Immersion

C. Liner recommendations
TNT - unknown
RDX - unknown
TCE - none recommended

D. Existing hazardous waste installations list
None available
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B. F. Goodrich

I. COMPANY S

B. F. Goodrich

Dick Cunningham 216/374-2226
Marketing Manager

Environmental Products
I 500 South Main Street

Akron, Ohio 44108

II. CLASSIFICATION

Resin manufacturer, roll good producer, sheet fabricator,
installer

III. PRODUCTS

Stock Seams Thickness
Type Supler Reinf. 1  Factor Field (mil) Width

PVC B. F. U dielectric solvent 10, 15, 20, 100 ft3

Goodrich heat weld 30 (72 in. to seams)
* PVC-OR B. F. U dielectric solvent 30 100 ft3

Goodrich heat weld (72 in. to seams)
Hypalon duPont S dielectric solvent 36, 45 100 ft. 3

heat weld (60 in. to seams)
U dielectric solvent 30 100 ftj

CPE Dow heat weld (72 in. to seams)
S dielectric solvent 36, 45 100 ftj

heat weld (60 in. to seams)
U dielectric solvent 30 100 ft3

EPDM heat weld (72 in. to seams)
S dielectric solvent 36, 45 100 ft3

heat weld (60 in. to seams)

" 1 U - Unsupported
S - Supported

2 B. F. Goodrich seam, subcontractors (Staff, etc.) use solvent welds

- Normal maximum, width can be greater as long as total weight is under
5,000 lbs

IV. COMPATIBILITY

A. Compatibility data
Not available

B. Compatibility testing

Immersion

p
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B. F. Goodrich
(continued)

C. Liner recommendations
TNT - unknown

RDX - unknown
TCE - none of the above liners are recommended for

appreciable concentrations, possibly Shelter-Rite®

XR-5 or HDPE

D. Existing hazardous waste installations list

Yes, see Appendix C
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Gundle

I. COMPANY

Gundle Lining Systems, Inc.

Jim Kimbell 404/491-8644
Southern Regional Manager
3343 Northcrest
Atlanta, Georgia 30340 O

(Home office)

Gundle Road
1340 East Richey

Houston, Texas 77073
0

II. CLASSIFICATION

" Roll good sheet producer (no fabrication), installer

n III. PRODUCT

Stock Seams Thickness
e_.. Supplier Reinf.1 Factor Field (mil) Width

HDPE Phillips U N/A dynamic 20, 30, 40, 22-1/2 ft
extrudate 50, 60, 80,
weld 100

HDA (high Phillips U N/A dynamic 20, 30, 40, 22-1/2 ft
density extrudate 50, 60, 80,
alloy w/ weld 100
butadiene
rubber)

n 1 U - Unsupported

S - Supported

IV. COMPATIBILITY

A. Compatibility data

Yes, see Appendix B

B. Compatibility testing

Immersion

C. Liner recommendations

TNT - unknown

RDX - unknown
TCE - unknown

D. Existing hazardous waste installations list
Not available e

A-7



Hercules

I. COMPANY

Hercules, Inc.

Sam McEllroy 302/575-5730

910 Market Street
Wilmington, Delaware 19899

II. CLASSIFICATION

Resin manufacturer

III. PRODUCTS

Polypropylene resin

IV. COMPATIBILITY

A. Compatibility data
Yes, see Appendix B

B. Compatibility testing
Immers ion

C. Liner recommendations

TNT - probably polypropylene and polyethylene would work
RDX - unknown

TCE - unknown

V. ROLL GOOD PRODUCERS USING HERCULES RESIN
Shenandoah Plastics
Westlake Plastics

Polyhi-Scranton
General Tire & Rubber Co.
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Mainline

I. COMPANY

Mainline

Keith Main 503/548-4027
Production Manager

3292 South Highway 97
Redman, Oregon 97756

II. CLASSIFICATION

Roll good producer

IIl. PRODUCTS

- Stock FSeams F. - Thickness

uLe ReinF.i-- 7 - (mil) Width

U Idielectric solvent 20 57 in.

PVC B. F. weld weld 00 54 in.
Goodrich S -dielectric solvnt-3,-4 55-1/2 in.* welId welId

---------------------------------- ---------------------- ------------------------------
.. . U dielectric solvent 30 54 in.

PVC-OR Goodrich weld - we ld
-------------------------------------------- -- -...................................................

U dielectric adhesive '20 57 in.
CPE Dow weld 30 . .. in.* S dielec;tric adeie 3,4 512 in.iI; ILe 6
---------- weld -L

U - Unsupported

S - Sup)rted
2 Recommended

IV. COMPATPI HI 1,TY

A. Compdtibility d(ita
None dVd i labl)e

H. ComprttihiL ity tsti uq
Immersion

C . i nter r,comm-nIi t imo
TNT - uinkno)wl

!IX - inkunown

rPi.. - iinkni riwn

1). i jstin,; htzirdoii! wivit inr1lt.0 ,i tin li it

None avai Idhle
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Palco

I. COMPANY

Palco Linings, Inc.

Michael J. Del Monaco 714/898-0867

Sales Engineer
7571 Santa Rita Circle
Stanton, California 90680

II. CLASSIFICATION

Sheet fabricator

III. PRODUCTS

I Stock Seams Thickness I
Type I Supplier Reinfo Factory 7 Field-z- (mil) I Width

U !dielectric adhesive 20, 30 max 100 ft

CPE alloy Mainline weld (54 in. to seams)

(Dynalloy) Fabricators ; _ _

S dielectric 'adhesive 36, 45 imax 100 ft
weld .(55-1/2 in. to

i seams)

U dielectric Isolvent 20, 30 max 100 ft
PVC Mainline weld !weld 1(54 in. to seams)

Fabricators: S dielectric :solvent !36 !max 100 ft
weld weld (54 in. to seams)

PVC- Mainline U dielectric ;solvent 130 max 100 ft

OR Fabricators: weld weld 1(54 in. to seams)

U - Unsupported
-. S - Supported

2 Recommended

IV, COMPATIBILITY

A. Compatibility data
None available

B. Compatibility testing
Immersion tests

C. Liner recommendations
TNT - unknown
RDX - unknown
TCE - unknown

D. Existing hazardous waste installations list
e- Yes, see Appendix C
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Pantasote

I. COMPANY

Pantasote, Inc.
Film/Compound Division

Larry Kamp 201/777-8500

36 Jefferson Street
* Passaic, New Jersey 07055

II. CLASSIFICATION

Roll good producer, resin producer for PVC

III. PRODUCTS

Stock Seams Thickness
Type Supplier Reinf * 1 Factory2  Field2  (mil) Width

U heat, adhesive 20, 30 76 in
solvent,

CPE Dow dielectric

S iheat, solvent, 36, 45 72 in
; solvent, weld,
I dielectric adhesive

U !heat, adhesive .20, :86 in
PVC Pantasote 'solvent, 30 80 in

_ dielectric

U heat, adhesive 30 .80 in
PVC-OR Pantasote isolvent,

_ _ __ dielectric

S heat, adhesive 36, 45 60 in
* Hypalon duPont solvent,

___dielectric _

1 U - Unsupported

S - Supported
" 2 Recommended

IV. COMPATIBILITY

A. Compatibility data
Yes, see Appendix B

B. Compatibility testing
Immers ion
Simulation (sun lamps)
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* Pantasote

C. Liner recomnmendations
TNT - unknown
FOX - unknown
TCE - no known liner, maybe HDPE

D. Existing hazardous waste installations list
Yes, see Appendix C
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Schlegel

I . COMPANY

Schlegel Lining Technology, Inc.

" John VanderVoort 800/231-1298
Technical Director
(Chuck Crisman)

200 South Trade Center Parkway
P. 0. Box 7730
The Woodlands, Texas 77380

II. CLASSIFICATION

Resin producer, roll good sheet producer (no fabrication),
installer.

III. PRODUCT

Stock Seams Thickness
Type Supplier Reinf.1 Factory Field (mil) J Width

HDPE Schlegel U N/A Extrusion 60, 80, 34 ft
_ _:_weld 100

1 U - Unsupported

S - Supported

IV. COMPAT IBILITY
U

A. Compatibility data
Yes, see Appendix B.

B. Compatibility testing
Immersion

C. Liner recommendations
TNT - unknown

RDX - unknown
TCE - HDPE

D. Existing hazardous waste installations list
Yes, see Appendix C
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Shelter-Rite

I. COMPANY

Shelter-Rite
Division of Seaman Corporation

Bala Venkataraman 216/674-2015
Vice President
Research and Development
P. O. Box 331
Millersburg, Ohio 44654

II. CLASSIFICATION

Roll good producer, sheet fabricator

III. PRODUCT

Stock Seams Thickness
I Supplier Reinf.1 1 Factor Field (mil) Width

ethylene Hooker, S dielectric, thermal, 30 58 in.
inter- Ferro thermal, welds
polymer welds
alloy
(ELPO
alloy)

1 U - Unsupported

S - Supported
2 Recommended

IV. COMPATIBILITY

A. Compatibility data
Yes, see Appendix B

B. Compatibility testing
Immersion

C. Liner recommendations
TNT - unknown
RDX - unknown
TCE - unknown

D. Existing hazardous waste installations list
None available
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Staf f

p I.* COMPANY .-

Staff Industries, Inc.

Dr. Charles Staff 800/526-1368
President
P. 0. Box 759
Upper Montclair, New Jersey 07043

Ii. CLASSIFICATION

Sheet fabricator

III. PRODUCTS

Stock Seams Thickness
Type Supplier Reinf.1 ~ Factory I Field2 - (mil) Width

U solvent solvent 110, 15, 20 100 ft

PVC Pantasote _____weld weld A5____ f_'_ttoseams)-
S solvent solvent !32 .82.8 ft

____________________weld weld i____ (4.6 ft to seams)

PVC-OR Pantasote U solvent solvent !30 100 ft
__________________weld weld A_____ 5 ft to seams)

Hypalon Stevens S solvent solvent 136 '82.8 ft

U(CSPE) iweld weld (4.6 ft to seams)
u Jsolvent solvent '30 100 ft

CPEHare wldweld (5 ft to seams)
S ;solvent solvent 36 82.8 ft

weld 1weld (4.6 ft to seams)

1 U- Unsupported

S-Supported
2Reccznended

IV. COMPATIBILITY

A. Compatibility data
Yes, see Appendix B

B. Compatibility testing
Use J. P. Stevens labs

C. Liner recommendations
TNT - unknown
RDX - unknown

7E- maybe HDPE

D. Existing hazardous waste installation list
Yes, see Appendix C
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Stevens

I . COMPANY

Stevens Elastomeric & Plastic Products, Inc.
Subsidiary of J. P. Stevens & Company, Inc.

Arnold Peterson 413/527-0700
Easthampton, Massachusetts 01027

. II. CLASSIFICATION

Roll good producer

III. PRODUCTS

Stock I Seams Thickness
Type Supplier Reinf.1  Factory2 Fieldz (mil) Width

Hypalon iduPont S dielectric 'adhesive 36 58 in.
(CSPE) solvent,

___heat weld
I. -

1 U - Unsupported

S - Supported
2 Recommended

IV. COMPATIBILITY

A. Compatibility data
Not available

B. Compatibility testing
Immersion
Simulation (sun lamps)

C. Liner recommendations
TNT -Neoprene (excellent), hypalon (good), butyl (poor),

EPDM (poor)
RDX - unknown
TCE - Hypalon (poor), (for appreciable concentrations)

D. Existing hazardous waste installations list
Not available
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Watersaver

I. COMPANY

Watersaver Company, Inc.

Gary Markle 303/623-4111
Regional Manager
P. 0. Box 16465
Denver, Colorado 80216

II. CLASSIFICATION

Sheet fabricator

III. PRODUCTS

I Stock SeamsTicknes

Type ISupplier Reinf.1- Factory Field (m)Wit

PVC Harte U dielectric, solvent :10, 20, 30 70 ft
solvent weld ' (6.3 ft to seams)
1weld_____________________________________ _____________________________

Hypalon Stevens S dielectric, !solvent 36 170 ft
(dIn)solvent ~weld (4.75 ft to seams)

resin weld_____________________

U dielectric, solvent '30 70 ft
solvent weld (4.75 ft to seams)

CPE :Stevens weld__________ ________

S dielectric, solvent '36 170 ft
solvent ;weld t(4-75 ft to seams)
weld

U 1dielectric, 'solvent '45 J54 in.
solvent fweld

EPDM !Carlisle 1weld __________________

S jdielectric, solvent 160 !54 in.
solvent weld

1weld ________________

1U - Unsupported
S - Supported

2Recozmended

IV. COMPATIBILITY

A. Compatibility data *
Yes, see Appendix B

B. Compatibility testing
immers ion
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- Watersaver
(continued)

C. Liner recanmendations
TNT - unknown
RDX - unknown
TCE - unknown

D. Previous hazardous waste installations list
Yes, see Appendix C
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P APPENDIX B

NATIONAL SANITATION FOUNDATION STANDARD FOR FLEXIBLE MEMBRANES

(Appendix E - Recommended Test Method for Determining Long-Term
Performance of Liners in a Chemical Environment)
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APPENDIX E

Recommended Test Method for Determining Long-Term Performance
of

Membrane Liners in a Chemical Environment 0

A. INTRODUCTION

These test methods are for the initial and long-term evaluation lexible brane
liner materials intended to contain chemicals in a pit, pond, goon or land I-type
installation. The effects upon the physical properties of t In materials ill be
determined. Data from these tests will assist in deciding wh her a in aterial ould
be used in a given chemical environment.

The test method is based upon ASTM D543 and ASTM ich speci the particu-
lar physical properties to be measured for plasti rub rep iely.

The scope of this appendix is to cover general to meth sw h may be of assistance
in selecting a flexible membrane liner where oth n fresh w ter is to be contained.
Specific applications may require additio test ated to th articular environment.
Some tests in this appendix may not b applicablet ce other appications. Some
installations may not require long term valuation te ing per Appendix E if the man-
ufacturer can provide similar test ior service xperiencefor similar applica-i ~ ~tions./ )

B. INITIAL EVALUATION

Specimens are expose the vironment for 1,3 and 7 days at 230C and 500C. At
leastthree specimens allbe use or ch material being tested, at each temperature
and for each cemica environment o be involved. Data on weight, dimensions and
visual changes ar b ned as desc ibed in Procedurt I (Section 1).

C. LONG-TER ALU ON

Sets of pecimens are immersed in the chemical environment for each
flexib memb n mar material being tested, at each temperature, and for each set of
ph cal pro rties g tested. For example:

Pr No. of Specimens

Tensile, odulus & Elongation 3
Weight & Dimensions 3
Ply Adhesion 3
Tear Test 3
Factory Seams 3
Visual any/all of above samples
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The weight and dimensional changes shall be determined after immersion in the
chemical environment for 1,7, and 14 days, and 1, 2 and 4 months at 23°C and 50*C. The
changes in tensile (breaking strength), modulus, elongation and tear shall be deter-
mined after immersion for 1 day, 7 days, 1 month and 4 months. The properties for
these various exposure times can be plotted on log-log graph paper and curves can be -
extrapolated to 40 months to determine the physical property for that time. This data
will assist in determining the p.operties after long-term service. The specific nature of
the FML being tested should be considered when interpreting the data.

D. SIGNIFICANCE
1. The limitations of the results obtained from this test sho d be recogniz

2. Correlation of test results with the actual perform ce or se eabili of FML
materials is necessarily dependent upon the sim* rity between t ting and
end-use conditions. For applications involving ntinuo immersi n, the data
obtained in short time tests are of interest only in eli ing the st unsuitable
materials or indicating a probable relative or o resist etoch ical reagents.

3. The selection of test conditions should take nto acuntt manner and duration of
contact with the chemical environment, the perature f the system, and other
performance factors involved in th articu appti. If the highest expected
temperature in service exceeds th 50*C recomen in this appendix, then use
the higher temperature.

4. Note should be taken th differ nt tios or en trace amounts of different
materials in the immersi liquid y affec e FML in an entirely different manner
if concentrated or locali even r short periods of time in repeat tests or in actual
application. Trace amount eleterious chemicals can be cumulative; this may
require a repeate upp mical liquid to show the true immersion effect.

E. APPARATUS

1. Balance- che 'ca alance curate to 1 mg.

2. Micro ters - icr s capable of measuring dimensions of test specimens to
0.0 1 i n).

3. oom o enclos space capable of being maintained at the standard laboratory
Smos ere, at temperature 23 = 20C and relative humidity of 50 = 5% (ASTM

4. Containe - Suitable containers for immersing specimens in chemical reagents.
They must be resistant to the corrosive effects of the reagents being used. Safety
precautions must be taken when using highly volatile reagents at elevated tem-
peratures.

5. Oven or Constant-temperature Bath -Capable of maintaining temperature within
2°C of the specified test temperatures.



6. Testing Devices - Testing devices for determining specified strength properties of
specimens before and after immersion, conforming to the requirements prescribed
in the ASTM methods of test for the specific properties being determined.

F. TEST ENVIRONMENTS

The FML liner material should be immersed in the actual chemical process solutions to
be provided by the plant involved. If this is not possible, a synthesized solution may be
used and must include all chemicals, especially solvents, even tho are present
in small quantities. See Section D.4 concerning special studies ith aggre ive trace
materials.

Caution: In all cases, it is-necessary to determine whether e soluti is hom enous
or consists of more than one phase. When a multipha solution exist , e samples
must be placed in each of the phases. Each phase shoul e in a parate con ainer. Past
experience indicates that a solvent has limited solubility i n queous s tem and may
form a separate layer either on top or bottom o e liquid. ' likel hat the solvent
phase may adversely affect the liner material while th ue s hase may not. If
highly volatile chemicals are part of the soluti n beiteste the solution should be
changed at equal time intervals (weekly or m y) so as o compensate for any
escaping components of the chemical viron

G. TEST SPECIMENS

The type and dimensions of t t spe 'm to b sed for original and immersion 6
testing shall be those descri in Sec on J.3. or each type of FML. Specimen surface
area greatly affects the wei t chan due to immersion in chemical reagents. Thick-
ness influences percenta ea sion change as well as percentage change in
mechanical propertie onse e , comparison of materials should be made only

U on the basis of res ts obtaine ro specimens of identical dimensions and like
methods of specime preparation. e number of specimens used shall be as stated in
Sections B and pecimens s all be as follows: specimens from sheet material
shall be cut fr n a re re tative mple of material in a manner depending upon the
tests to be erforme and t hickness of the sheet as follows:

1. We' fension changes - Standard specimens shall be in the form of bars
7 .2 mm in length by 25.4 mm (1 in) in width by the thickness of the material. 2
nch by inch s imens or 2-inch diameter discs can be alternates.)

2. M nical property changes - Standard machined, sheared, or cut tensile speci-

mens all be used according to the methods of test prescribed.

H. CONDITIONING

1. Condition the test specimens at 23 = 20C (73.4 = 3.6 0F) and 50 - 5 percent relative
humdiity for not less than 40 hours prior to test.
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2. Test conditions - Conduct tests at the standard temperatures of 23 1 2"C (73.4
3.6) and 50 -. 2C (122 ±t 3.6F). In cases where the FML material will have a

chemical environment at elevated temperatures, the immersion testing shall be run
at the elevated temperature if higher than the above.

I. PROCEDURE I - WEIGHT AND DIMENSION CHANGES

1. Weigh each conditioned specimen separately and measure i ess at the
center and its length and width to the nearest 0.25 mm (0.1-.. in). In t case of
laminates, edge swelling is not uncommon under certain co itions. Conse ently,
it may be necessary to measure thickness both at the cewer at the edg s and

report the percentage change separately for each pos' on.

2. Place specimens in appropriate containers for the emical eing use and allow
the specimens to be totally immersed in fresh chemic o the appr riate time in
the standard laboratory atmosphere. Suspen e speci s to a id any contad
with the walls or bottom of the container. F specime of in eeting or those
having a lower density than the chemical, it ma e ne ssary to attach small
weights such as nichrome wire to prevent floa r curling. everal specimens of a
given material may be immersed in th amec tainer prov ed sufficient reagent is
allowed for the total surface area e posed and e "mens do not touch each
other. The quantity of chemical sol tion shall be pproximately 40 mI/in 2 of total

specimen surface area.

For test at other than room empera res, it is rFecommended that the test tempera-
ture be 50'C or at the hest e ected service temperature, whichever is the
highest. It is important that e est solution be at the elevated test temperature
before the specime are sed. In the event that the liner is expected to
impound certain s bin ra quantities which can be aggressive to FML
materials, special i vestigations hould be instituted by the testing agency.

3. Stir the test Iutio s ry,24 h rs by moderate manual rotation of the containers
or other itable m ans. In ing tests for longer periods of time than 7 days, the
contain shoul e once each day during the first week, and once each week
there e the field service condition will involve aeration or other continu-

ou agitatin, containers should be stirred daily.

4. r the st period, individually remove each specimen from the chemical solution,
blot ess material, dip into acetone, wipe and dry with lint-free material, in-
mediat weigh in a weighing bottle, remeasure its dimensions and place back into

chemical e ironment until next time period. When dealing with an oily material, it
may be necessary to follow the following procedure: wipe and dry with lint-free
material; dip into detergent solution; wipe and dry with lint-free material; dip into
water and then acetone; wipe and dry with lint-free material; dip into water and then
acetone; wipe and dry with lint-free material; and weigh and measure immediately.
Some specimens may become tacky due to dissolved material on the surface or
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solvent absorbed throughout the specimen. Take care in wiping such specimens not
to disturb or contaminate the surface.

5. Observe the appearance of each specimen after exposure to chemical reagent.
Observe and report appearance on the basis of examination for evidence of blister-
ing, loss of gloss, developed texture, decomposition, discoloration, swelling, tacki-
ness, crazing, bubbling, cracking, softening, solubility, etc. For some materials,
absorption of the reagent over the immersion period is nearly balanced by the
removal of soluble constituents. This type of behavior may be r by compar-

- ing the initial conditioned weight of the specimen with its w ht when ied for 7
days at 230C and 50 percent relative humidity, after rem al from the emical
reagent. (A final weight lowqr than the initial weight may i dic removal of oluble
constituents. However, only for particular combinatio of reag and te speci-
men can this weight difference be considered as e strictly to r oval of
soluble constituents.) If this drying out procedure i sed, it ould be t ed after all
test-time periods have elapsed.

J. PROCEDURE II - MECHANICAL PROPERTY CH NGES

1. Immerse and handle the mechanical t in a cordance with the in-
structions given under Procedure I cions 3 and 4)

2. Determine the mechanical propert s of identi nonimmersed and immersed
specimens in accordance with t dard metho s for the physical property test
described. Make mechanica rope t as n immersed and immersed speci-
mens prepared from the s e same or lot o material in the same manner and run
under identical condition Test i mersed specimens immediately after they are
removed from the test luti here specimens are exposed to test solutions at
elevated temperat s, the be placed in another container of the reagent at

* the standard labo tory empe tu or approximately one hour to effect cooling
prior to testing.

3. Test samp for te s wit ber scrim support - The effect of chemicals on the
liner ma rial wit ut support material must be determined because it is the main
chemic arrie I function of the scrim is to provide added mechanical
prolt of the time, the liner material without support will have to be &
la a ory i sample of the same formulation, milled to a thickness of 20 or 30

ls. The ocessi conditions of laboratory-prepared samples should be as close
os *le to actual factory conditions.

All sam s containing a fiber scrim support must be flood-coated along all exposed
edges with solution recommended by the FML manufacturer. This solution will
typically contain 5 - 15% solids dissolved in a solvent (or mixture of solvents). The
solids content is usually the FML formula or simply the base polymer used.

The physical properties after immersion are determined using the original unim-
mersed thickness or cross-sectional area, as described in ASTM D471.
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4. Test samples for material with no scrim These test samples are designed to
measure the mechanical and physical properties of the liner material. Tests shall be
conducted as prescribed and the properties after immersion are determined using
the original unimmersed thickness or cross-sectional area, as described in ASTM
D471.

5. Condition of samples before physical testing - After the samples have been re-
moved from the test solution, they should be kept saturated with the test solution
until just before testing. If the test solution contains organic solv e coupons
should be wrapped in aluminum foil during this interval to prev t loss of Ivent. In
many cases, a material that has been degraded by solvent I regain almo all its
original properties after the solvent has evaporated aw . time betwe n re-
moval from solution and testing should be kept as sh as pra al.

6. Test data required: Meth /

Crosslinked elastomers unsupported - AST D412 (Meth

eBreaking strength, pounds/inch width

*Elongation at ultimate, percent

*Modulus at 100 percent elongatio

Thermoplastics, unsupported ()5

Materials without a yield p nt - A

*Breaking strength, poun inch idth

.Elongation at brea ~ r : -4

eModulus at 100 pfrcent elong\o ounds/inch widthi

Ma terials wit e7point -ASM D683

eBreakin trength at yi break, pounds/inch width p

.Elonga n at y Id a ak, percent

eM ulus f sticity, pounds/inch width

pport flexible embrane liners

Sup ed finished FML material - ASTM D751

oBreakin rength, Grab Method, pounds or Strip Method, pounds/inch width

Ply adhesion, all supported FML - ASTM D413, Machine method, strip specimen,
Type A, 1800 peel, pounds/inch width

Tear, unsupported FML - ASTM D1004
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Visual inspection, unsupported and supported FML - Procedure I (Sections 1

thourgh 5)

* K. Procedure III - Effect of Strain on Mechanical Properties

1. Standard specimens shall be in the form of bars 75.2 mm (3 inches) in length and
25.4 mm (1 inch) in width by thickness of the material.

2. Form a bent loop from the standard specimen by folding the sp ogether and
S2holding the ends together with a suitable fastener or adhesiv hich is istant to

the test solution. Approximately 2 inches of the specimen all be in con with
itself.

3. The specimens should be conditioned and immerse sinProcedur (S tion 1).

4. After immersion periods of 7 days for initial evaluatio month or long-term
evaluation, the specimen shall be inspected f isi le de ioratio s described in
Procedure 1. -

5. This test is qualitative in character and to b to iden fy materials which are
highly susceptible to deterioration i e c ical soluti n when strained.

L. Procedure IV - Factory Seams

3AllI seaming methods and tech n* uess u eval ted in the chemical environment
in which they are to be em oyed. S mples to be prepared and tested using
methods as prescribed in A M D3 (as modified in Appendix A) for unsupported
FML and ASTM D751 (Appandi or supported FML. These methods provide for the
testing of seams in t ea ir ion. It should be noted that testing in the peel

a direction (as in ASTI D413)can e ore sensitive test for determining chemical
resistance of seams. amples sholbe immersed for 7 days for the short-term initial
evaluation and os for the I g-term test. Samples containing a fabric scrim
support must e floc as scribed earlier (Section J.3.)

M. Report

The port s al clude the following:

1. roca rel:

a. Co lete identification of the material tested including type source, manufac-
turer's de, form and previous history.

b. Temperature of tests.

c. Test solutions

d. Duration of immersion

B-7



e. Initial length, width and thickness of each specimen, in inches, measured to the
nearest 0.025 mm (0.001 in)

f. Initial weight of each specimen in grams to = 0.005 y

g Length, width and thickness after immersion

h. Weight after immersion

i. Average percentage increase or decrease in length and th, and in e thick-
ness, taking the dimensions of the conditioned specim as 100 perce t.

j. Averge percentage gain or loss in weight calculate o the nea t 0.01 rcent,
taking the conditioned weight as 100 percent.

k. General appearance of specimens after immersi

2. Procedure I1:

Items 1 through 4 as for Procedure I an the lowing:

a. Specimen type and dimensions

b. Method of test

c. Mechanical properties f identi I nonimmersed and immersed specimens

d. Average pecentage e or decrease in mechanical properties, taking the
properties of th onditik onimmersed specimens as 100 percent.

3. Procedure III

General a eara e peci ns after exposure

4. Proced IV

a rigin bo ed seam strength

on d seam strength after immersion

c. Ave e change in bonded seam strength using original bonded seam strength
as 100 rcent

d. The calculated percent change of all measured properties at 40 months based
upon a log-log plot of test data and time for the results for tests at time incre-
ments prescribed.

B-8



APPENDIX C

I PLOTS OF WEIGHT CHANGE VERSUS TIME

INDEX

m Figure No. Liner Material Test Conditions

C-i PVC; PVC-OR; CPE Air; 230C

C-2 Hypalon; HDPE; XR-5;
EPDM; Neoprene Air; 23*C

C-3 PVC; PVC-OR; CPE Distilled water; 230C

C-4 Hypalon; HDPE; XR-5
EPDM; Neoprene Distilled water; 230C

C-5 PVC; PVC-OR; CPE 100 mg/l TCE; 23*C

C-6 Hypalon; HDPE; XR-5;
EPDM; Neoprene 100 mg/l TCE; 23*C

C-7 PVC; PVC-OR; CPE Water saturated with
TCE; 23*C

C-8 Hypalon; HDPE; XR-5; Water saturated with
EPDM; Neoprene TCE; 230C

C-9 PVC; PVC-OR; CPE TCE saturated with water;
I 230 C

C-i0 HDPE; XR-5; EPDM; TCE saturated with water;
Neoprene 230C

C-11 PVC; PVC-OR; CPE Air; 500C

C-12 Hypalon; HDPE; XR-5;
EPDM; Neoprene Air; 500C

C-13 PVC; PVC-OR; CPE Distilled water; 500 C

C-14 Hypalon; HDPE; XR-5;
EPDM; Neoprene Distilled water; 50°C

C-15 PVC; PVC-OR; CPE 100 mg/l TCE; 50°C

C-16 Hypalon; HDPE; XR-5;
EPDM; Neoprene 100 mg/l TCE; 500C



APPENDIX C

PLOTS OF WEIGHT CHANGE VERSUS TIME

INDEX (Continued)

Figure No. Liner Material Test Conditions

C-17 PVC; PVC-OR; CPE Water saturated with TCE;

500C

C-18 Hypalon; HDPE; XR-5; Water saturated with TCE;
EPDM; Neoprene 500C

C-19 PVC; PVC-OR; CPE Water saturated with TNT;
500C

C-20 Hyplaon; HDPE; XR-5; Water saturated with TNT;
EPDM; Neoprene 500C

C-21 PVC; PVC-OR; CPE Water saturated with RDX;

500C

C-22 Hypalon; HDPE; XR-5; Water saturated with RDX;
EPDM; Neoprene 500C

I-
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APPENDIX D

TABULATIONS OF WEIGHT CHANGES AND ABSORBANCE

INDEX

4Table Number Liner Type Test Solution

D-1 PVC (PVC/PVC-OR) Unexposed; water

D-2 PVC (PVC/PVC-OR) TNT; TCE

*D-3 CPE/Hypalon Unexposed; water

D-4 CPE/Hypalon TNT; TCE

D-5 HDPE Unexposed; water

3D-6 HDPE TCE; TNT

D-7 XR-5 Unexposed; water

D-8 NR-5 TNT; TCE

D-9 EPDM/Neoprene Unexposed; water

*D-10 EPDM/Neoprene TNT; TCE

D-1PVC, CPE, Hypalon, RDX
HOPE, XR-5, EPDM



TABLE D-1. PVC (PVC/PVC-OR)-AVERAGE WEIGHT CHANGE VALUES

Um PERCENT WEIGHT CHANGE

Distilled Distilled
TIME Unexposed 230C Unexposed 500 C Water 230C Water 500C

n=12a n=12 n=12 n=12

1 day -0.21 (1 .00)b -0.83 (0.52) -0.68 (1.58) -0.02 (0.62)
n=11

3 days -0.02 (1.37) -0.94 (0.64) -0.60 (1.63) 0.10 (0.60)
n=11

" 7 days -1.23 (1.12) -1.83 (0.67) -1.53 (1.46) -0.52 (1.17)

Dried -2.43 (1.09) -1.88 (0.38) -2.96 (1.70) -1.73 (0.57)
(7 days)

Absorbancec  1.20 (0.69) -0.04 (0.86) 1.44 (0.42) 1.21 (1.19)

a n = Population size

b Values in parentheses are standard deviations

c Absorbance = 7-W

0

D-
p- D- 1
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TABLE D-2. PVC (PVC/PVC-OR)-AVERAGE WEIGHT CHANGE VALUES

PERCENT WEIGHT CHANGE

TNT TCE-Sat'd TCE-Sat'd Water-Sat'd
TIME 500C Water 230C Water 500C TCE 230 C

n=12a n=12 n=12 n=12

1 day 0.24 (0 .4 4 )b 4.00 (1.83) 2.85 (1.54) 37.34 (13.19)

3 days 1.15 (0.79) 3.66 (1.48) 3.99 (1.49) 32.02 (8.22)

7 days 2.17 (1.38) 3.97 (1.60) 3.45 (1.12) 30.11 (7.17)
n=11

Dried 0.66 (0.25) -2.18 (0.87) -1.53 (0.85) -22.56 (2.01)
(7 days)

Absorbancec 1.51 (1.28) 6.15 (1.38) 4.99 (1.18) 52.67 (5.89)
n=1 1

a n = Population size

b Values in parentheses are standard deviations

c Absorbance = W -W

D-2
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B
TABLE D-5. HPDE-AVERAGE WEIGHT CHANGE VALUES

PERCENT WEIGHT CHANGE

a Distilled Distilled
. TIME Unexposed 230C Unexposed 500C Water 230C Water 500C

n=3a n=3 n=3 n=3

1 day 0.08 (0 .0 5 )b 0.07 (0.06) -0.02 (0.13) 0.12 (0.12)

3 days 0.06 (0.07) 0.08 (0.14) 0.27 (0.23) 0.15 (0.10)

7 days 0.20 (0.19) -0.04 (0.02) 0.26 (0.09) 0.20 (0.05)

Dried -0.01 (0.04) 0.32 (0.11) -0.05 (0.08) 0.30 (0.11)3 (7 days) n=2

Absorbancec 0.21 (0.22) -0.37 (0.13) 0.30 (0.16) -0.10 (0.06)
n=2

a n = Population size

b Values in parentheses are standard deviations

c Absorbance = -W

D-5
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TABLE D-6. HDPE-AVERAGE WEIGHT CHANGE VALUES

PERCENT WEIGHT CHANGE

TNT TCE-Sat'd TCE-Sat'd Water-Sat'd
TIME 500C Water 230C Water 500C TCE 230 C

n=3a n=3 n=3 n=3

1 day 0.04 (0.2 0 )b 1.75 (0.14) 3.58 (0.11) 14.77 (0.32)

3 days 0.11 (0.12) 3.10 (0.14) 2.81 (0.19) 14.72 (0.13)

7 days 0.17 (0.15) 2.96 (0.10) 1.07 (0.03) 14.86 (0.29)

Dried 0.16 (0.15) 0.44 (0.13) 0.46 (0.08) 0.24 (0.03)
(7 days)

Absorbancec 0.01 (0.05) 2.52 (0.09) 0.60 (0.09) 14.61 (0.32)

a n = Population. size

b Values in parentheses are standard deviations

c Absorbance =W -W

0

D- 6
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TABLE D-7. XR-5-AVERAGE WEIGHT CHANGE VALUES

PERCENT WEIGHT CHANGE

Distilled Distilled

TIME Unexposed 230C Unexposed 50°C Water 230C Water 500 C
n=3a n=3 n=3 n=3

1 day -0.16 (0 .0 7 )b -0.13 (0.08) -0.26 (0.70) 0.60 (0.37)

3 days 0.56 (0.08) -0.22 (0.27) -0.34 (1.06) 1.30 (0.35)

7 days -0.34 (0.12) -0.26 (0.14) 0.05 (0.66) 1.74 (0.41)

Dried -0.47 (0.06) -0.12 (0.23) -0.88 (0.68) -0.45 (0.24)
(7 days)

Absorbancec 0.13 (0.14) -0.14 (0.21) 0.93 (0.10) 2.19 (0.17)

a n = Population size

b Values in parentheses are standard deviations

C Absorbance = W7 -W

D-7



TABLE D-8. XR-5-AVERAGE WEIGHT CHANGE VALUES

PERCENT WEIGHT CHANGE

TNT TCE-Sat'd TCE-Sat'd Water-Sat'd

TIME 500 C Water 23C Water 500C TCE 230 C
n=3a n=3 n=3 n=3

1 day 0.79 (0 .1 1 )b 2.05 (0.61) 7.06 (0.31) 225.39 (5.35)

3 days 2.10 (0.10) 3.03 (0.38) 8.24 (0.60) 197.84 (9.86)

7 days 3.67 (0.28) 4.24 (0.53) 6.70 (0.11) 188.43 (1.83)

Dried 1.06 (0.12) -0.19 (0.57) -0.74 (0.29) -25.15 (0.55)
(7 days)

Absorbancec 2.61 (0.19) 4.43 (0.04) 7.43 (0.17) 213.57 (1.56)

a n = Population size

b Values in parentheses are standard deviations

c Absorbance = W -W

0t
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TABLE D-9. EPDM/NEOPRENE-AVERAGE WEIGHT CHANGE VALUES

PERCENT WEIGHT CHANGE

Distilled Distilled
TIME Unexposed 23*C Unexposed 500C Water 230C Water 500C

n=6a n=6 n=6 n=6

1 day -0.34 (0.2 2 )b -0.25 (0.26) 0.20 (0.15) 1.49 (0.96)
n=5

3 days -0.44 (0.18) -0.37 (0.15) 0.38 (0.19) 2.61 (1.91)

7 days -0.46 (0.20) -0.46 (0.27) 1.31 (0.60) 4.11 (3.12)

Dried -0.48 (0.18) -0.33 (0.22) -0.18 (0.12) 0.25 (0.35)
(7 days) "

Absorbancec 0.02 (0.06) -0.14 (0.16) 1.49 (0.65) 3.86 (2.82)

a n = Population size

b Values in parentheses are standard deviations

c Absorbance - W 7-WD
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TABLE D-10. EPDM/NEOPRENE-AVERAGE WEIGHT CHANGE VALUES

PERCENT WEIGHT CHANGE

TNT TCE-Sat'd TCE-Sat'd Water-Sat'd

TIME 50 0 C Water 230 C Water 50 0 C TCE 230C

n=6a n=6 n=6 n=6

1 day 1.91 (1 .0 6 )b 4.09 (1.66) 4.46 (1.33) 137.17 (12.61)

3 days 3.51 (2.31) 4.89 (1.13) 6.53 (2.05) 141.02 (11.25)

7 days 5.73 (4.18) 6.09 (0.43) 9.90 (0.46) 140.86 (9.43)

Dried 1.46 (0.94) -0.17 (0.19) 0.71 (0.45) -15.88 (5.21)

(7 days)

Absorbancec 4.28 (3.26) 6.26 (0.56) 9.19 (0.14) 156.74 (4.57)

a n = Population size

b Values in parentheses are standard deviations

c Absorbance = -W
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TABLE D-11. AVERAGE WEIGHT CHANGE VALUES OF LINER GROUPS

IMMERSED IN RDX SATURATED WATER AT 50 0 C

PERCENT WEIGHT CHANGE

Hypalon Hypalon

TIME PVC CPE (Stevens) (Pantasote)

n=12a n=6 n=3 n=3

1 days -0.45 (1 .3 6 )b +1.88 (0.19) +0.33 (0.08) +1.24 (0.07)

3 days -1.10 (1.42) +3.31 (0.30) +0.37 (0.05) +1.66 (0.08)

7 days -1.44 (1.84) +5.06 (0.28) +0.65 (0.03) +2.57 (0.11)

Dried -5.23 (1.34) -0.74 (0.55) -0.57 (0.02) -0.36 (0.04)

(7 days)

U t
Absorbancec +3.79 (0.89) +5.80 (0.61) +1.22 (0.02) +2.93 (0.09)

a n = Population size

* • b Values in parentheses are standard deviations

c Absorbance = W7 -W

woJ
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TABLE D-11 (Continued). AVERAGE WEIGHT CHANGE VALUES OF LINER GROUPS
IMMERSED IN RDX SATURATED WATER AT 50 0 C

PERCENT WEIGHT CHANGE

TIME HDPE XR-5 EPDM Neoprene
n=3a n=3 n=3 n=3

1 days +0.02 (0 .06 )b +0.88 (0.36) +0.95 (0.27) +3.09 (0.16)

3 days +0.01 (0.08) +1.24 (0.12) +0.77 (0.17) +4.97 (0.16)

7 days +0.07 (0.1i) +1.84 (0.22) +1.04 (0.12) +7.95 (0.20)

Dried -0.19 (0.04) -1.40 (0.08) -0.50 (0.11) -1.33 (0.06)
(7 days)

Absorbancec +0.26 (0.12) +3.24 (0.25) +1.53 (0.20) +6.61 (0.14)

a n = Population size

b Values in parentheses are standard deviations

C Absorbance = W7-WD
WO
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APPENDIX E

LINER SCREENING TEST DATA FORMS

INDEX

E-1 Data Sheet

E-2 Data Summary Sheet

E-3 Test Result Sheet
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* 7.

ENGINEERING-SCIENCE

USATHA14A LINER SCREENING TEST
TEST RESULT SHEET (E-3)

Liner Material Chemical_________ Temperature______

Start Date___________ Time_______ Concentration

Percent Weight Change _____

Sample Initial 1Final Percent0
No. Weight ___hrs j __hrs hrs hrs Absorbanice

AVERAGE~ ____ ___________

Percent Change in Volume
Sample Initial Final Percent
No. Volume ___hrs hrs hrs hrs Swell

[AVERAGE* ___ ___ ___ ___I_____
Jar Number_____ Page Number____
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